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© 3H1,3-oxazoUdlrty1)-s4r1ezfn^ 

© The Invention relates to 3^t,aK)KazolidlrrylH-ti1a2inee of formula (I) and the preparation thereof by the 
reaction of the corresponding N^2-hydroxyemyl)rrreiamirre with formaldehyde. 01- and tri-3-(1,3-o*320licfinyl)-&- 
trkzlne In particular can be uaad with advantage as cnose-Bnkfng agents in polymerisation reactions In which no 
volatile reaction products may be formed. 
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T?ie invention relates to 3-(l.3-oxazolidlnyl)-$-tr!azlne and the preparation thereof, 
3-(l.3-oxa20frdfnyl>fi4j1a2ln9 represented by the following formula (1) 



N 

i . i 



C 



f$ where: 
R, is 



29 



0? 



50 



-J 



Bird are -NHi» 



' -? If 
- W\ ^Jo or - N - C 2 H 4 OH. 



The oxazofirfrnyl group of these compounds shows great reactivity. For this reason 2*amino-4>B-dr-3- 
(t»3-ox3zp|rcfinyI)-e-tfiazrro and a^^-trl-a-fl^-oxazolfdinylj-s-tflazlne in pellicular are suitable for use as 
cross4inttng agents In polymerisation reactions. 

The 3-(T3-oxazol!dlnyl>-sHtrla^ne according to the invention presents particular advantages compared 
M with hoxameihoxymefhyl melamlne. which Is currently being used on a large scale and whicn, in functional 
terms, contains at least 3 formaldehyde groups too many and may therefore gfve rfee to environmental 
problems by formaldehyde emission when processed. 

Polymerisation reactions In which dl- and trioxazolidlnyltria2ines according to the InventJon may be used 
as cross-NnWng agents are particularly reactions In which no volattle compounds, such aa formaldehyde. 
43 may be termed and/Or applications in which the cross-Hnklng agent Is mixed in as a sofid. 

The oxazofloTnyrtriazines according to the invention can be obtained In a simple manner with a 
surprisingly htgh yield and purity by reacting the corresponding 2-hydroxyethyl metemine compounds (2) 
wrtrr formaldehyde 

45 

x 2 - c C - X, 

j <2> + x »2C 3 0 * <1> + x H2O 

60 



NX 



X3 
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whew 

Xi = Xi * X* = - N -CaH«.OH (N,N',(M / '-tri$(2-hydroxy0thyl)m©temInQ) > 

Of 

X, - X2 - -Ir^H^OHandXa « -NH 2 <N T N'-bf5(?^ytfro)cye^l)melai7ifne), 
or 

Xi = • N .C2H4OH and Xz - X* -NHj (N,(2-hydroxy«thyl)nn«!emFn0), 
*o or 

mixtures of two or mow of these compounds. 

The reaction is preferably carried out ai an elevated temperature, of for Instance 40-1 OOnC, in an 

aqueous medium. The oxazofldlnyl trlazlne formed precipitates from the reaction mixture as the reaction 

progresses and a high yield of a high purtty can ba obtafned with the usual means, for example flHratfon. 
1$ Depending on the type of 2-hydroxyethyf mefamine chosen as starting material and tha amount of 

formaldehyde used a wide range of oxazolidfny I triages is obtained- 

In a typical embodiment the hydroxyethyt melamlne la dissolved In an approximately 30 wt.% 

formaldehyde solution In water, which la then heated to abL 80&C, After 30 minutes the oxazolidfnyt trlszina 

formed fn the reaction starts to precipitate. This Is removed by filtration after cooling. Depending on the 
20 chosen starting materials and the amount of formaldehyde used, the Individual compounds or mixtures 

thereof are obtained. 

2-Hydroxyethyl melamfne compounds can be obtained with the aid of various processes already known 
per se. Examples of these are: the reaction of ethanolamine with a meiamine, substituted If so desired, at a 
temperature between 100 and 250tfC, In the presence of an acid catalyst, as described In 115^-4.312,983 

as end EP-B-1 60.297, or the reaction of cyenurfc chtorfde with ethanolamine at a temperature of 0-KXKiC In 
the presence of NaOH In dioxane/celfosolve, as described in J. Am. Chem. Soc. 73. 2981-2966 (1951). 

Surprisingly, the simple synthesis route according to the Invention results in oxezoHdlnyl trlatfne which 
is not contaminated by resins and the like, as would be expected on the basis of the great reactivity of 
formaldehyde and melamlne> 

30 The Invention will now be further elucidated with the following examples and comparative example, 
without however, being limited thereto. 



Example I 

as 

N.N'.N'trfsta-hydroxyethy^melemine (produced from melamfne according to the process of EP-B* 
106297) (4.9 g, 19 mmole8) was dissolved In 5.7 g of a 30% formaldehyde solution* After 30 minutes' 
stirring at 80nC the reaction mixture was cooled to room temperature. The precipitated reaction product 
was removed by filtration, dried (1.4 g, melting point 179-1 BOaC) and characterized wfth the aid of NMR 
40 (400 MH2); 83% of the hydroxyethyl groups originally present had been converted. Into, oxazofidirte rings,, 
the residual 17% still being present In the form of free hydroxyethyl groups. 



Example lj 

'46 

N,N\N*^s<2^droxyethyl)melamlne (produced from cyenurfc chloride) (0.5 g, t«9. mmoles) was 
dissolved in 2.5 mL of water end 1,2 g of 30% formaldehyde solution. After 1 hour's reffuxlng the- reaction 
mixture was cooled to room temperature and the precipitated reaction product was filtered off and. dried; 
The product with a melting range of 190-210HC was characterized wfth the eld of NMR as fndlcated In 
89 example I; 95% of the tiydroxyethyl groups originally present had been converted Into oxezoHdine rings, the 
residual 5% siJD being present In the form of free hydroxyethyl groups. 



Comparative example A 

2 g . of a mixture of mon , N.N'-bis and N r N>^trfs(riydroxyIsopropyl)melamlne (7 : 61 : 41) was. 
dissolved in 5 g of water and tJ3 g of a 30% formaldehyde solution. After 2 hours' refluxlng the reaction 
mixture« was cooled to room temperature and evaporated with a rotary film evaporator. The residual product 

3 
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with a mefflng range of 255*270flC was characterized with NMfl; onfy 10% of the hydroxyisopropyl groups 
had been converted into oxazolrdfne ringB. 



s C?alms> 

1. ,3oxazolId[nyT)-Mr|a2f ne of tho general formula (1) 



R 2 - C C - Rt 



20 



whora: 



30 



and 



35 



•a 



or - N - Cgr^OH 



Z 3-<1 ^oxa^ofidfnvO-e^rfazine according to dafm 1. characterized In that 



and 
R* ■ 



5(7 



or - M - C 2 H40H 



3. 3-(i,3-oxazolidlnyl)-9-trtezfno according to dafm 2, cheractertzsd fn that 
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4. Process for the preparation of 3-<1 .SH^ofldfnylH^azlne according to claim 1 . charactered la that 
an N^ydroxyethyljmelamfne (2) is caused to react with formaldehyde at an elevated temperature, 
according to th9 following reaction 



| MH 2 C«0t <1> +x H2O 



Sr 



n 



N-(2-hydroxy«thyt)meUmfne <2> 

X ? * Xa ~ X 9 => -N -CahUOH N.N^'^s^-hydroxyelhyl^iamlne 
H 

Xi = Xa « - N -CshUOH and Xg = -NHg N,N'-bls(2-hydroxyethyl)me{arnine 
H 

Xi = * N-C 2 HiOHandX 2 b Xb » -NH 2 N,(2^roxyethy»)mafamlne 

5. Process according to cfefm 4, characterized In that the reaction I* carried out In en aqueous medium 
et a temperature between 40 and 10QnC. 

6. Uee of a^S-o-l-S-tl^-oxazofldinylH-Wazfne or 2-amino^,B^fl*(1,3<«^lldinyl>e4rfMfnB as a 

cmse-flnklng agent in polymerisation reactions. 

7. 3^1,3-oxazolldinyl)-e-trlazlnQ and process for the preparation thereof as disclosed In the description 
f^rd examples. 
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[57] ABSTRACT 

The invention relates to 3<l,3-o*azolidfny1)«&-tri3zwe 
and the prepwHrioji thereof by the reaction of the corre- 
sponding N-C^hydrO*ethyl)me2amme with formalde- 
hyde. Dh- and tri-3-(l,3-oxazolid^yI)-E-trfazfne in pax* 
ticul&r can be used with advantage as cros$4inldng 
agents in polymerization reactions in which no volatile 
reaction products may be formed. 
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(57) ABSTRACT 

A crowlinkiag agent is provided, prepared by reacting (A) 
an aminopJast resin; (B) a reactive vretbene group-contain- 
ing adducr of » polyfunetiooal polymer and monoisoijy&rtate, 
and (C) at least one other compound having active nydrogen 
groups reactive wirh aminopiast resin (A). Compound (C) is 
selected from: 



(i) compounds having the structure (1): 

(0 




wherein X is aromatic; R\ R*. and R 3 each inde- 
pcndcmly represents H, (cydo)alkyl having from 1 
to 12 carbon atoms, aryl, alkaryl, aratkyl, or an active 
hydrogen-containing group, 
(ij) compounds having the structure (II) or (ill): 




(no 



where R' and R n each independently represents an 

aromatic group or an alkyl group having I to 12 

carbon atoms; and 
(iii) compounds different from (i) and (ii), having a 

melting point of at least 80° C. 
Further provided are methods for preparing the crosslinking 
agent, curable compositions containing the crosslinldng 
agent, and coated snbstrnies. 
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MODIFIED AMJNOPLAST CROSSLINKERS AND 
POWDER COATING COMPOSITIONS 
CONTAINING SUCH CROSSUNKERS 

CROSS REFERENCE TO RELATED 
APPUCAnONS 

[0001] This appbcalion is a Contmnatiou-in*part of UjS. 
patent application Ser. No. 09/666,265. filed Sep. 21, 2000. 
Reference is made to related US. patent application Ser. 

Nos. • ; ; ; and . filed 

coacwTcntly herewith. 

HELD OF THE INVENTION 

[0002] Tbc present invention relates to crosslinking agents 
prepared from a modified aminopiast. resin and to powder 
costing compositions containing such crosslinking agenis. 

BACKGROUND OF THE INVENTION 

[0005] In recent years, powder coatings have become 
increasingly popular because these coatings are inherently 
low in volatile organic content (" VOC)» w Wch significantly 
reduces emissions of volatile organic compounds into the 
atmosphere during application and curing processes. 

[0004] Hydroxy!, carboxyl. carbamate and/or cpoxy func- 
tional resins, such as acrylic and polyester resins having 
relatively high glass transition temperatures ("T n "), arc 
commonly used as main ftlna-formiog polymers for these 
coaling?. Because acrylic polymer systems can be more 
beai*resistan;. than condensation polymers, tbey can provide 
powder coating compositions having improved storage sta- 
bility. However when exposed to the extreme temperatures 
which can be encountered during shipping and/or storage in 
many geographic areas, even better powder coating stability 
is desired. By "storage stability" is meant tho ability of the 
individual powder particles which comprise the powder 
coating to resist the tendency to adhere to one another, 
thereby causing "ctmnpm^ or "fusing" of tbc powder 
coaling composition upon storage prior to application. Pow- 
der costing compositions having very poor storage stability 
can be difficult, if not impossible, to apply. 

[0005] Aminoptast resins are wcJI known in the art as low 
cost cTOSSUmcing agents for hydroxyl, carboxyl and/or car- 
bamate functional polymers in conventional liquid coating 
compositions. Common aminopbst resins arc based on 
condensation products of foemaldchyde with an amino- or 
arnido -group carrying substance. Example* of these amino- 
plast resins include the raetbylol and alkoxymctby). deriva- 
tives of ureas, mclamincs and benzoguanamincs which arc 
most commonly used in liquid coaling compositions. Such 
aminopiast resins provide enhanced coating propc rtics such 
as exterior durability. chemical resistance and mar resis- 
tance. 

[0005] Attempts to produce powder coating compositions 
based on conventional aminoptast resins which exhibit these 
desirable properties have been largely unsatisfactory 
because these materials arc typically in liquid term and, as 
such, cause poor powder stability. 

[0007] The roctboxylated aldehyde condensates of gly- 
col u HI, which are solid products, arc the aminopiast resins 
most commonly employed as crosslinking agents in powder 
coating compositions. Although solid in form, these mate- 



rials nonetheless can depress the T B of the powder coating 
composition significantly, even, when combined with high 
T film-forming polymers such as the acrylic polymers 
described above. Such a depression in T tt also can result in 
poor powder stability. 

[0008] Moreover, the use of conventional ommoplast res- 
ins in powder coating compositions can result m the phe- 
nomenon commonly referred lo as "gassing". "Gassing" 
occurs as a result of vaporization of the alcohol generated in 
the thermally induced aminopiast crossJroloIng reaction. The 
aJcoboJ vapor is driven off through the coaling film upon 
heating and, as the viscosity of the coating increases during 
the curing process, pinholes or craters are formed as the gas 
escapes through the coaling surface. 

[0009] Carbamate ftinctjonal polymers, that is, polymers 
having reactive peDdcnt and/or terminal carbamate func- 
tional groups, are well known in the art as suitable fitm- 
fbrming resins for liquid coating systems where for 
example, when combined with on aminopiast curing agent, 
they provide coatings having excellent acid etch resistance. 
The carbamate NH groups react readily with tbe melhoxyl 
gnjups of tbe aminopiast resin, thereby forming a urethane 
linkage which provides this acid etch resistance. These 
carbamate functional polymers further provide coatings that 
have excellent durability and adhesion properties. 

[0010] Copending U.S. patent application Ser. No. 09/538, 
836 discloses powder coating compositions comprising a 
solid particulate mixture of a carbamate functional polymer, 
for example an acrylic, polyester and/or polynxethanc poly- 
mer, in conjunction with a glycoJuril. resin, Due to the high 
glass transition temperature of the carbamate funcdonal 
polymer, the powder coating cnmpositions provide 
improved storage stability as well as coatings having excel- 
lent acid etch resistance. However, as discussed above, in 
some powder coating systems, the glycoluril crosslinking 
agent can depress tbe T fl sufficiently to adversely affect 
powder stability. 

[00U] It would, therefore, be advantageous to provide an 
amlnoplast-bascd crosslmking agent suitable lor use in a 
powder coating composition which gives a highly stable 
powder as well as an acid etch resistant coating free of 
pinholes or crater resulting from "gassing" during tbe curing 
process. 

SUMMARY OF THE INVENTION 

[0012] In accordance with the present invention, an era> 
nopbst-bascd crosslinking agent is provided, comprising so 
ungcUcd reaction product of the foUowwg reactants: 

[0015] (A) at le&st one aminopiast resin; 

[0014] (B) a reactive urethane group-containing 
adduct; and 

[0015] (Q at least one compound different from (B) 
having active hydrogen groups reactive with amino- 
plasi resin (A). The compound (Q is selected Prom 
at least one of: 

[0016] (i) compounds having the following struc- 
ture (I): 
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[0017] wherein X is aromatic; R\ R\ and R* 
can be the some or different and each indepen- 
dently represents H, (cyclo)allcyl having from 1 to 
12 carbon atoms, aryl, alkaryi, aralkyl, or an active 
byc^ogcu-oootoimng group, provided that at Jeast 
one of R 1 , R*, and R 3 represent an active bydro- 
gpn-coelaining group which is reactive with tbe 
orainoplast resin (A); and 

[0O1B] (d) compounds having the following struc- 
ture (IT or III): 



(TO] 




[0011?] whece R' and R" are the same or different 
and each independently represents an aromatic 
group or an aJkyl group having 1 to 12 caibon 
atoms; and 

[0020] (tii) compounds different from both (i) and 
(if) and having a melting point of al least 80* C. 

[0021] The reactive urelbane group-contaimng reaction- 
product adduct (B) comprises a reaction product of (1) at 
feast one mono-isocyanafc and (2) at least one polyfune- 
tiooal polymer havirjg functional groups reactive wilb the 
moao-isocyanatc (1). Tbe crosslinking agent i* essentially 
free of urctbanc NH Functionality and has a glass transition 
temperature of at. least 25* C 

[0022] The present invention also provides a method for 
preparing the crosslinking agent described above. The 
method comprises the steps of: (1) reacting (a) at least one 
monc-isocy an ate, and (b) at least one polyfunctional poly- 
mer having functional, groups reactive wilb tbe mono- 
isocyanate (a) in a molar ratio of reactant (a) to reactant (b) 
ranging from 1: 1-8 to 2.0 to form tbe reactive urctbanc 
group-containing odduct (B) described above; (2) combin- 
ing the rcactams (A), (B) and (Q described above in a ratio 
of totaf combined moles of (13) and (C) to motes of amino- 
plasi resin (A) ranging from 1:1.5 lo 32 to form a reaction 



admixture; and (3) heating tbe reaction admixture formed in 
step (2) to a temperamrc ranging from 95" C. to 135* C for 
a time sufficient to form a powder cmsslinlriog agent having 
a glass transition tcrrrperature of at least 25* C which is 
essentially free of urclhane NH functionaJity a* determined 
by infrared spectroscopy. 

[0023] Further provided is a powder coating composition 
comprising a solid particulate mixture of a reactive group- 
containing polymer having a T B of at least 30* C, and tbe 
crosslinking agent described immediately above. 

[0024] Tbe present invention additionally provides multi- 
layer composite coating compositions comprising a base 
coat deposited from a base coat film -forming composition 
and a top coat over al Jea$t a portion of the base coat. Tbe 
top coat is deposited from a powder top coaling composition 
comprising a solid particulate film-forming mixture of (A) a 
polymer containing reactive junctional groups, said polymer 
having q glass transition temperature of at least 30° C, and 
(B) the crosslinking agent described above. 

[0025] Coated substrate* are also provided, 

DETAILED DESCRIPTION OF THE 
INVENTION 

[002ft*] Other than in the operating examples, or where 
otherwise indicated, all numbers expressing quantifies of 
ingredients, reaction conditions and so forth used in the 
specification and claims are to be understood as being 
modified in all instances by the term "about" Accordingly, 
unless indicated to tbe contrary, the numerical parameters set 
forth in the following specification and attached claims are 
approximations that may vary depending upon the desired 
properties sought, lo be obtained by the present invention. At 
tbe very least, and not as an attempt to limit the application 
of tbe doctrine of equivalents to tbe scope of the claims, each 
numerical parameter should at least be construed in light of 
the number of reported significant digits and by applying 
ordinary ronnding techniques. 

[0027] Notwithstanding that the numerical ranges and 
parameters setting Cortb tbe broad scope of the Invention arc 
approximations, the numerical values set forth m tbe specific 
examples are reported as precisely as possible. Any numeri- 
cal value, however, inherently contain certain errors neces- 
sarily resulting from tbe standard deviation found to their 
respective testing measurements. 

[0028] Also, it should be understood thai any numerrcal 
range recited herein is intended to include ail sub-range* 
subsumed therein. Par example, a range of M l to 10" is 
intended to include all sub-ranges between (and irxiuding) 
the recited minimum value of 1 and tbe recited maximum 
value of 10, that is, having a minimum value equal to or 
greater than 1 and a maximum value of equal to or less than 
10. 

[0029] The reactive uretbane group-containing reaction 
products used in tbe preparation of the crosslinking agent of 
tbe present invention contain urethane groups of the follow- 
ing structure (TV): 
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TO 




[0030] wherein R is a residue gf a monoisocyanatc. Each 
methane NH group can react with a mctboxy) group of the 
anninoplast resin and the resulting reaction product is an 
ungeiled, solid material. 

[0031] By contrast, for example, when a carbarn ale func- 
tionality (V) if used in place of a methane structure (TV) iv 
react under similar conditions with an aminoplast com- 
pound, the resulting reaction product typically is a gelled 
material. 

[0032] A carbamate functional group can be represented 
by the following structure (Vy. 



(V) 




[0033] The above-mentioned gelation is presumably due 
to reaction of both hydrogen atoms of tbc one carbamate 
NH } group with amraopJasi metboxyl groups. 

[0034] As used herein, by "ungeiled" is meant that tfic 
reaction product can be dissolved in a suitable solvent or 
resin and has an intrinsic viscosity when so dissolved, 'ltic 
intrinsic viscosity of the reaction product is an indication of 
its molecular weight. A gelled reaction product, on the other 
band, since it is of essentially infinitely high moJcculax 
weight, will have an intrinsic viscosity too high to measure. 
Moreover, the reaction product can be melted, solidified and 
rcmclted. 

[0035] The aminoplast compounds (A) useful in the prepa- 
ration of the crosslinidxig agent of the present invention 
include aminoplast resins such as the (aBtoxyalkyl) amino- 
uriazmc compounds derived from melaminc, glycoruril, beo- 
zoguaoamioe, acetoguanaminc, formoguan amine, spirogua- 
namine and the like. 

[0036] Anrinoptast resins arc based on the condensation 
products of formaldehyde, with ao amino- or amido-group 
carrying substance. Condensation products obtained from 
the reaction of alcohols and formaldehyde with melamino, 
utea or beozoguanannnc are nrost common and preferred 
herein. However, condensation products of other amines and 
amides can also be employed, for example, aldehyde con- 
densates of iriazines* diazincs, triazoles, guanadines, guan- 
amiiies and alkyl- and aryl-substituted derivatives of such 
compounds, including aDcyJ. and aryl-substituted ureas and 
alkyl- and aryl-eubstituied mclaroines. Some examples of 
such compounds are N,>P-dimctbyl urea, benzourea, dicyan- 
diamide, wnnaguanaroine, acetoguanaiiiinc, glycoluril, 
ammeline, 2<oIoro-4,G-diamtoo-l > 3,5-triaZifte, 6-mcd>y)-2, 



4wjiamino-l3^-triazine f 3^iaminotrinzoIe, iriamtnopyri- 
midine, 2-mcrcapu)4^KliBmraopyrimidioe and 3,4,6-tris- 
(c^yUmino)-l,3Jtria7ine. 

[0037] While the aldehyde employed is most often form- 
aldehyde, other similar condensation products can be made 
from other aldehydes, such as acctaUebyde, ciotonaldebydc, 
acrolein, bcozaldebyde, furfural and glyoxal. 

[003$] The aminoplast resins can contain methylol or 
olher alfcylol groups, and in most instances, at least a portion 
of these aikylol groups arc ctherifiedby a reaction wjlb an 
alcohol. Any monohydric alcohol can be employed for this 
purpose, including such alcohols as methanol* ethanol. pro- 
panoic bulanoi, pentanol, bcxanoJ, heptaaol and others, as 
well as> benzyl alcohol and other aromatic alcohols, cyclic 
alcohols such as cyctohcxano), monoethers of glycols, and 
halogen-substituted or other substituted alcohols, such as 
3-culoropropauo) and butoxyethanol. Commonly employed 
aminoplast resins are substantially alkylated with methanol 
or buUmol, 

[0039] In one embodiment of the present invention, tbc 
amicoplast resins comprise highly alkylated, low knioa 
aminoplast resins which have a degree of polymerization 
("DP") of less than 2.0, often less than 1.8, and typically less 
than 1.5. Generally, the number average degree of polymer- 
ization is denned as the average number of structural, units 
per polymer chain (see George Odian, Principles of Poly- 
merization, John Wiley A Sons (1991)). For purposes of the 
present invention, a DP of 1.0 would indicate a complete 
monomeric triazine structure, while a DP of 2.0 indicates 
two triazine rings joined by a methylene or methylene -oxy 
bridge. It should be understood, that, the DP values reported 
herein and in the claims represent average DP values 3S 
determined by gel permeation chn?matography. 

[0040] In one embodiment of tbe present invention* tbc 
aminoplast compound comprises an (alkoxyalkyl) aminol- 
riazinc having one or less non-alkylatcd NH bond per 
triazine ring. An example of such an aminoplast compound 
is (merhoxymcthyl) arainotriazine. Other use&l aminoplast 
compounds include alkoxyjated aldehyde condensates of 
gjycoluril ond tetramefboxy mctbylglycotoriL Still other 
suitable aminoplast compounds specifically include modi- 
fied molarninc-formakfcbydc resin, tor example RESIM- 
ENEGD CE-7103 commercially available from Solutia, Inc. 
and CYMBIj® 300; etbylatcd-methyl ated. bcnzoguanairjinc- 
mrroaldchydc resin, tot example, CYMEL«> 1123; and 
methylated-butylatcd mclammc-formaWebyde resin, for 
example CYMEL® I U3S, commercially available from 
Cytec Industrie*, Inc. 

[0041] Tnc reactive urcthanc group-containing adduct (B) 
used lo prepare the crosslin king agent of ihe present inven- 
tion comprises the reaction product of (1.) at least one 
motto-isocyanate and (2) at least one polyfunctional polymer 
having functional groups such as hydroxyl, amino, and thiol, 
reactive with the mono-isocyan/tfc (1). 

[0042] Tbc nronc-isocyartate (1) can be any of a variety of 
igocyanate compounds which axe monoruDclional with 
respect to 1be NCO group. Non-limiting examples of suit- 
able mono-isocyanatcs include those selected from cycle- 
bexyl isocyanatc, phenyl isocyanale, butyl isocyaoate and 
mixtures thereof, with cyclobexyl and phenyl jsocyBnalcs 
being preferred. 
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[0043 J The poly fractional polymer (2) can be any of a 
variety of polymers hiving two or more functional groups 
reactive with the mooo-isveyapate (1). UscM polyfuiic- 
tional polymers include acrylic polymers, polyesters, poly- 
ethers and copolymer and mixtures thereof. 

[0044] Suitable acrylic polymers include copolymers of 
one or more alkyl esters of acrylic acid or ojcthacrylic acid, 
optionaJly together with one or more other polyroerizable 
ctbylemeally unsaturated monomers. Useful alkyl esters of 
acrylic add or mcthacrylic acid fncludc aliphatic alkyl esters 
containing from 1 to 18 carbon atoms in the alkyl group- 
Noa4i coiling examples include methyl rocihacrylate, ethyl 
metbaciyUie, butyl methacrylste. ethyl acrylate, butyl acry- 
late. isoboroyl acrylate and mctbacTyJate, cyelohcxyl roctb- 
acrylate, and 2-etbyl hcxyl acrylate. Suitable other copoly- 
mcrizable cihylemcally unsaturated monomers include vinyl 
aromatic compounds such as styrenc and vinyl toluene; 
niirflcs such as acrylonitrile and ractbacrylonitrile; vinyl and 
vinylidcne baHdes sucb as vinyl chloride and vinylidcnc 
fluoride and vinyl esters sncb as vinyl acetate. 

[0045] The acrylic copolymer cap include bydioxyl func- 
tional groups which are often incorporated mto the polymer 
by including one or more hydroxy! functional monomers in 
the reactanis used to produce the copolymer. Useful 
hydroxyl function*) monomers include bydcoxyftlkyl acry- 
lates and mctbacrylates, preferably having 2 tn 4 carbon 
atoms in the bydroxvalkyl group, pueh as hydroxyctbyJ 
acrylate, hyrJroxypropyl acrylate, 4-hydroxybutyl acrylate, 
hydroxy funeo'onnl edducts of canrolactone and hydroxy* 
alkyl acrylares and corresponding methacrylates. 

[0046] Amino functionality may be incorporated into the 
acrylic copolymer by including one or more arnino func- 
tional monomers in the reactants used toprodu.ee the copoly- 
mer. 

[0047] Acrylic polymers can be prepajed via techniques 
known to those skilled in the ort. 

[0048] The polyfunctions I polymer can alternatively he a 
polyester. Sucb polymers can be prepared in a known 
manner by condensation of polybydric alcohols and poly* 
car bo xy lie acids. Suitable poiyhydric alcohols include eth- 
ylene glycol, propylene glycol, butylene glycol, 1,6-bexy- 
lene glycol, neopentyl glycol, diethylcnc glycol, glycerol, 
trimetliylol propunc and pentaerythriiol. Suitable poJycar- 
boxylic acids include succinic acid, adipic acid, avjclak acid, 
sebflcic acid, maleic acid, iumaric acid, phtbalic acid* let- 
rabydropbtbaJic acid, hexahydrophthalic acid and trimellitic 
acid. Besides the polycarboxylJc acids mentioned above, 
functional equivalents of the acids Rich as anhydrides where 
they exist or lower alkyl esters of the acids sveb as methyL 
esters can be used. The polyesters contain a portion of Eree 
hydroxyl groups, which are available for reaction with the 
monO'taocyanate. 

[0049] Preferably, the polyester comprises a condensation 
reaction product of (a) a cycloattph&tjc polyol and (b) a 
cyclic pal yea rboxylic acid or anhydride. 

[0050] The cycloah'pbatic polyol (a) can be any of a 
variety of polybydric cycloaliphntjc compounds well known 
in the art Suitable examples of cydoalipbalic polyols 
include tbose selected from the group consisting of hydro- 
genated Bisphenol A, hydrogenated Bfcphenol F, hydroge- 
nated Bisphenol E, M, P, Z> etc. and the like, cyclobexaoe 



dimeihanol, cyclobexane diol and mixtures thereof. Hydro - 
genaled Bisphenol A is preferred. 

[0051] The cyclic polycarboxylic acid or anhydride (b) 
used to prepare the polyester can be any cyclic compound 
having two or more carboxylie acid/anhydride groups per 
molecule. Preferably, the cyclic polycarboxylic acid/anhy- 
dride (b) is selected from tie group consisting of hexaby- 
drophlhalic acid, phlbaHc acid, isopbraaJic acid, terepbthalie 
acid, anhydrides tbereol; and mixtures thereof- Hexabydro- 
phthalic anhydride i* preferred. 

[0052] The polyester can be prepared by general conden* 
nation reaction techniques well-known in tbc art so long as 
the ratio of reacUotS and reaction conditions are such that 
the resulting con dep Ration reaction product comprises two 
or more reactive hydroxyl groups per molecule. In tbe 
preferred embodiment wherein the polyester comprises the 
condensation reaction product of (a) a cycloaliphatic polyol 
and (b) a cyclic polycarboxyijc acid or anhydride, tbe molar 
ratio of the cycloaliphatic polyol (a) to d)c cyclic polyear- 
boxylic acid or anhydride (b) typically ranges from 1,5 to 
2.5:1, preferably from 1.7 to 2.3:1, and more preferably from 
1.8 to 2.2:1. 

[0053] Polycthera such as polypropylene glycol can also 
be used as polyfunction*! polymers preparing tbe reactive 
nrethane group-containing adduct (B). 

[0054] The poly functional polymer (2) often has a number 
average molecular weight (Md) ranging from 300 to 3000, 
usually from 350 to 2500, and typically ftom 400 to 2200. 
Unless stated otherwise, as used in tbe specification and in 
the claims, molecular weights axe number average molecular 
weights for polymeric materials indicated as "Ma" and 
obtained by gel permeation chromatography using a poly- 
styrene standard in an art- re cognized manner. 

[00S5] Tbe hydroxyl value of tbe polyftinctional polymer 
(2) often is greater than 90, usually ranges from 100 to 180, 
and typically from 110 to 170. 

[OOSo*] The polyfonctional polymer (2) often has a glass 
transition temperature of at least 30" C-» usually at least 35* 
C, and typically at least 40' C. The T B of tbe rjotyfunctionoi 
polymer (2) can be calculated or it can be measured experi- 
mentally using differential scanning calorimcfry (rate of 
bearing 10° C. per minute, T g taken at the first inflection 
point). UnlepR otherwise indicated, the srated T $ as u.sed 
herein refer* to the measured T s . 

[0057] The reactive methane grorip-containing adduct (B) 
can be prepared by general NCO/OH reaction techniques 
well-known in the art, so long as the ratio of reactanrs (1) 
and (2) and reaction conditions are sucb that the resulting 
reaction product comprises at leaRl one, typically at least 
two, reactive methane NH groups per molecule. For pur- 
poses of the present invention, the molar ratio of the 
polyfunctions! polymer (2) to tbe mono-isocyanatc (1) can 
range from 1:1.7 to 2J0, usuaUy from 1:1.75 to 2.0, and 
typically from 1:14 to ZQ. 

[0058] Tbe reactive urethanc group-contamiog adduct (B) 
is prepared generally as follows. Typically, the polyfunc- 
tional polymer is dissolved in an appropriate aromatic 
solvent, such as xylene ox toluene, with a tin compound, for 
example dibutyl tin dilaurate and dibutyl tin diacctatc, as a 
catalyst. The mixture is men preheated to approximately 55° 
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C. and the morawsocyanate is added dropwise. The addition 
rate typically is adjusted so that the reaction temperature is 
lew than 90 6 C. Tbe reaction is complete when all the 
isocyanatc functionality is consumed, 

[0059] As aforementioned, in addition to tbe armncpJ&st 
resin (A) and the reactive urettaane group-conlaining adduel 
(B) described immediately above, tbe rcactants used to form 
tbe crosslmking agent of Ibe pjxsent invention further com- 
prise £5 component (Q at least one compound different from 
(B) having active hydrogen groups reactive with aminoplast 
resin (A). As previously discussed, compound (C) is selected 
from at least one of (i) compounds having the following 
structure (I): 



(0 




[006Q] wherein X is aromatic; R J , R 2 , and R* can be tbe 
same or different and each independently represents H, 
(cydo)alkyl having from 1 to 12 camon atoms, ary), alkaryl, 
atallcyl, or an active bydrogen-containiDg group which is 
reactive with the airrinoplast "resin (A), provided that at least 
one of R 1 , R a , and R 3 represents an active bydrogeu- 
codtflining group which is reactive witb. tbe aminoplast resin 
(A); (ii) compounds having dm following structure (0 or 
IH): 



no 




[0061] where R' aod R" are the same or different and each 
independently represents an aromatic group or an alky] 
group having 1 to 12 carboo atoms; and (iii) compounds 
different from both (i) and (ii) and having a melting poidt of 
at least 80° C. Mixtures of compounds (£)» (») and (iii) can 
be uiied. As used bcrein, by "(cyclo)alkyr is mc«m both 
alkyl and cycJoaUcyl groups. 

[00tf2J In one embodiment of the present invention, com- 
pound (Q comprises at least one of compound © having toe 
previously described structure (1). As aforementioned, the 
substiiueut group X represents an aromatic, for example, 
phenyl, mid substituted phenyl groups, or a cycloaliphatic 
group, for example, cyclohexyl. These groups can be any 
fused or bridged ring structures such as naputbyi, anthracyl, 
and benwfuranyl. AJso, the aromatic groups can be unsub- 
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stirutcd or substituted with beteroatoms, for example O. K 
and S. Non-limiting examples of aromatic groups suitable as 
tbe substiruent include phenyl, naphihyl, anthracyl, pyreoe, 
benzofuranyl, and the like. 

[0063] As previously mentioned, at least one of R J , R*. 
and R represents a group comprising an active bydrogeo- 
cootamiug gmup reactive with the aminoplast resin (A) such 
as a group selected from hydroxy!, amide, amino, carboxylic 
acid, carbamate, urea, thiol, and combinations tbercof. In 
one embodiment of the present invention, compound (C) 
comprises at least one compound having tbe structure (!) 
above wherein at Jcast of R 1 , R*, and R* represents a 
group comprising at least one hydroxyl group. Nonlimiting 
examples of active rrydrogen-containing compounds suit- 
able for use as tbe reactant (cXO include benzyl alcohol and 
substituted benzyl slcobols such as 3-pbeooxybenzyl alco- 
hol and 4-rnethoxybetiKyl alcohol, phenctfayl alcohol, ben- 
zopinacol, N-benzyl£ormamide, benzyl lactate, benzyl man- 
delate, benzyl mercaptap, N-benzylmahamine, 
3-furanroetbonol, rurfuryl alcohol, pyridylwrbinots, for 
example, 2-pyrirJylcarbinol, and ^yridylcarbinol, 1-pyrcn.- 
emethanol, (>-anthranceoemethanol., 9 : fluorcncraetbatiol, 
9-hydroxyftuorene, 9-bydroxyxanthenc, 9-phenyIxanthen* 
9-oT, 4-stilbenc methanol and triphenybnetbanol, 

[0064] In another embodiment of the present invention, 
the active bydrogen-containing compound (Q (i0 comprises 
compounds having the following structure (It): 



<JJ) 

OH 



[0065] or dimer derivatives thereof as discussed below, 
where R* and R" are the same or diflarent and each inde- 
pendently represents an aromatic group or an alkyf group 
having 1 to 12 carbon atoms. In one embodiment of the 
present invention, one or both of tbe substituent groups R* 
and R" are aromatic groups, for example phenyl, napbthyl, 
metboxy phenyl, and dimetbylaminopfaenyl groups, 

[006*6] Also, suitable aromatic groups can contain one or 
more beteroatoms. such as O. N and S, either Internal or 
oxremal to the aromatic ring. The beteroatoms external to 
the ring may be attached directly to the ring or indirectly 
through one or more carbon atoms. One or more hcteroat- 
oms may be present in each such substituent and one or more 
sufostituents may be attached to the aromatic ring, Tbe 
hcteroatom containing substituent group(s) may be attached 
to the aromatic ring m any position or combination of 
positions on the ring. Suitable heteroatormc substituent 
groups include but are not limited to amines, ethers, esters, 
ketones, amides, bolides, sulfonamides, mtro and carbcxyitc 
acid groups. Heteroatoros internal to tbe aromatic ring may 
be present in Bny position or combination of positions. Fox 
example, such hctero aromatic groups can include but are not 
limited to furans, pyridines, tbi'opbene*. Uriazlnes, imida- 
zoles, oxazoles, thiazoles, pyrazoles and triazoles. Non- 
limiting examples of such compounds include eoisoin, pyri- 
doin, furoin, bufyroin. 
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[0067] In one particular embodiment of the present inven- 
tion, the active hydrogen-containing compound (cX*i) ^o 1 ' 
prizes an active bydrogeo<oolainmg compound selected 
from benzoin, hydroxycyclohcxyl phcoylkctonc, and mix- 
tures tbcrtof. 

[0068] Compounds having ihc general structure (U) above 
are known to form, dim eric derivatives, particularly when R 1 
and R" am alfcyl (Merck Index, lied, p 10, 55). 



am 




[0069] Such diroer derivatives can have the structure (111) 
above when; R' and R" arc as described above for the 
structure (IT). 

[0070] In yet another embodiment of the present inven- 
tfon« the active bydrogen-cootainipg compound (Q com- 
prises at least one of compound (in), which is different from 
both (i) and (ii) and bos a melting point of at least 80° C. The 
melting poin t of a compound can be determined by using n 
standard capillary melting point apparatus or by thermal 
analysis (ASTM E974-95). 

[0071] Generally, the melting point of the active hydro- 
gen-containing compound (Q(ui) is less than 250? C, 
usually less man 220* C„ and typically lew than 200° C. 
Also, the melting point of the active hydrogen -containing 
compound (CXiw) generally Is at least 80° C, usually at least 
90° and typically at least 1 W C. The melting point of 
the active hydrogen<ODraicing compound (C)(iu) can range 
between pny combination of these values iochjsive of the 
recited values. Noolimitiug examples of compounds su» table 
for use as reactant (0)(iii) include mono-alcohols such as 
borneol, norborncol, isoborneol, 1-adamantimcmetbaaol, 

1- adamantanol, 2-mctbyl-Z-odamantanol and 5-oorbornen- 

2- ol; secondary amides, such as aliphatic cyclic amides such 
as l-inemymydantoin, 2,4-thiazob 4 diocdionc 2-azacyclot- 
ridecanorK, 3/*^^ r 7^-hejcabydix>2(lH)^uinoEnc, 4-aza- 
uicycln(43.1.1(3^))undccan-5-one and 4-metboxy-3-pyr- 
roIin-2-ooc; aliphatic open chain amides, such as N-(l- 
ftdaraantyl)acetaroide) and N-tert-lJUtylacrylamidc; aromatic 
(poly)cycUc amides, including lactams, such as 1-acetomi- 
dopyrenc, 2-acctamide-3-nitro-9-fluc*CTtonc, 2-acetoamidc- 
7-tluorfluoreoc. 2-accUmidofluorene, 4-acetamidi>-9-iluo- 
renoae, naphtbol AS acetate, 1 -phenyl •3-pyrasoItdinonc, 
2,3-dinjclliyI-l -(4-mcthylpbenyl)-3-pyrazolin-S-one, 3,4- 
diroeibyl-I-pbcnyJ-3~pyra7»Jm-5-ouo, 3-(4^thoxyphcnyl)- 
l-(2^nitrophcDyJ)-hya^toin, 4-acetaroidoantipyrine t and 
4-acetajTddobeozaldebydc; aromatic open chain amides, 
such as 3-acetamidccoumarin Bad p-acetopbenetididc; and 
mono-lire thanes such as those obtained by reacting bigb 
melting point mono-alcohols (such as those described imme- 
diately above) with suitable mono-isocyanates, 

[0072] Tbe active hydrogen-containing compound (C) can 

comprise one or more of compounds (CXf). 

(C)(iii). Inclusion of the active bydrogeD-contajmng com- 



pound (C) as a reactant in the preparation of the crosslinking 
agent of the present invention can provide several advan- 
tages, Fin>t, reaction of the active hydrogen-containing com- 
pound (C) with the fljninoptast resin (A) can generally 
increase the T tf of tbe resultant crossbnkcr as compared to an 
analogous cross! ioJdng agent having no such modification. 
Also, compounds such as (Q(j) f (C)(ii), and (Q(w) 
described above can allow for the reaction of more aDcoxy 
groups of tbc aminopJast rosin (A) without resulting in a 
gelled reaction; product. Such a crosslinking agent when 
incorporated into curable powder coating compositions can 
effect lew gassing upon curing. Furthermore, when 
crofislinking agents of the present invention ate used in 
curable powder coating compositions, the degassing agent 
may be released in situ. This can reduce advemc effect*, for 
example, yellowing of the J3Im, which can be caused by the 
presence of the degassing agent during curing processes. 

[0073J In the preparation of the cjosslinkiog agent of the 
present invention, tbe reactive urctbanc group-containing 
adduct (B) is prepared in a first step as described above. 
SccondJy, the aminoplast resin (A) P reactive urethane group- 
containing adduct (B) and active hydros-containing com* 
pound (C) arc combined in a ratio of total combined moles 
of (B) and (C) to moles of aminoplast resin (A) ranging from 
1:15 to 3.2 to form a reaction admixture. With regard to the 
nmrnoplast resin (A), it should be understood that the 
theoretical monomelic molecular weight of the aminoplast 
resin (that is, DP-1) is used to calculate the above-re Fer- 
enced "molar ratio". The re octants are typically combined tn 
a suitable aromatic solvent, for example, xylene and toluene, 
together with an appropriate strong acid catalyst. Nod- 
limiting examples of suitable strong acid catalysts include 
dodecyl benzene sulfonic acid and para-tohiene sulfonic 
acid. Then the reaction Hdmixture formed in the second step 
is beated to a temperature ranging from 95° C, to 135° C for 
a time sufficient to form a solid crossUnking agent having a 
gloss transition temperature of at least 25° C. This rcsuJts in 
a stable crosslinking agent that is essentially free of urethane 
NH functionality. The reaction is monitored via infrared 
spectroscopy or other suitable analytical means for the 
disappearance of umtbane NH frnctionaJity relative to an 
internal standard (i.e., tbe signal of a structure that will 
remain unchanged during tbe reaction, for example, the 
urethane carbonyj signal). Tbc reaction is typically termi- 
nated when this end point is detected by infrared spectros- 
copy or other suitably analytical methods. 

[0074] Tbe cmsslioJdng agent of the present invention can 
have a glass transition temperature of at least 25° C, usually 
at least 30° C often at least 35° C, aod typically at least 40* 
C. Also, the crosslinking agent can have a glass transition 
temperature less than 150° C„ usually less than 120* C, 
often less than J.00 p C, and typically less than 80* C The 
glass transition temperature of the crossb'nking agent can 
range between any combination of these values, inclusive of 
tbe recited vabes. 

[0075] Tbe present Invention also relates to a curable 
composition comprising (L) a polymer containing reactive 
functional groups and (2) a crosslinking ?gcot having func- 
tional group* reactive with the functional groups of the 
polymer (I). The crossUnking agent (2) can comprise the 
crosslinking agent described above. 

[0076] Jn an embodiment of tbe present invention, the 
curable com position is a powder coating composition com- 
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prising a solid particulate film -forming mixture of (1) a 
polymer containing reactive function*! groups and having a 
glass transited temperature of at least 30* C; e-g., a 
hydroxyl and/or on epoxide functional acrylic polymer, and 
(2) a erossJifltong agent comprising the crosslniking agent 
described above, having functional groups reactive with the 
functional groups of ibe polymer (1). 

[0077] Curable powder coatings are particulate composi- 
tions mat ere solid and free flowing al ambient room 
temperature. The components (1) and (2) of the curable 
powder coating composition may eacb independently com- 
prise one or more functional species, and are each present in 
amounts sufficient to provide cured coatings having a desir- 
able combination of physical properties, e.g., smoothness, 
optical clarity, scratch resistance, solvent resistance and 
hardness. 

[0078] As used herein, the term "reactive" refers to a 
functional group That forms a covalcnt bond with another 
functional group under suitable reaction conditions- 

[0079] As used herein, the term "cure" as used in connec- 
tion wiih a composition, eg., "a curable composition/" shall 
mean that any crosslinkablc components of the composition 
are at least partially crosslinked. In certain embodiments of 
tbe present invention, the crosslink density of the crosslink- 
able component*, i.e., the degree of crosslinking, ranges 
from 5% to 100% of complete cit»sliiikiag. In other 
crnbodimeols, the crosslink density ranges from 35% to 95% 
of lull cross] inking- In other embodiments, the crosslink 
density ranges from 50% to 85% of Ml crosslioking. Ooe 
skilled in the art will understand that the presence and degree 
of crosslinking, ijs., the crosslink density, can be determined 
by a variety of methods, such as dynamic mechanical 
thermal analysis (DMTA) using a Polymer Laboratories MIC 
JTI DMTA analyzer conducted under nitrogen. This method 
determines tbe glass transition temperature and crosslink 
density of free films of coalings or polymers. These physical 
properties of a cured material are related to the structure of 
the crosslinked network. 

[0080] According to this method, the length, width, and 
thickness of a sample to be analyzed are first measured, the 
sample is tightly mounted to the Polymer Laboratories MK 
10 apparatus, and the dimensional measurements are entered 
into tbe apparatus. A thermal scan is run at a heating ra.tc of 
3* C/min, a frequency of 1 Hz, a Strain of 120%, and a static 
force of 0.01 N", and sample measurements occur every two 
seconds. Tbe mode of deformation, glass transition tempera- 
lure, and crosslink density of the sample can be determined 
according to this method. Higher crosslink density values 
indicate a higher degree of crosslinking in the coating. 

[0081] Also, as used herein, in the specification and in Ihe 
claims, tbe term "polymer" is intended Co refer to oligomers 
and bom homopolymers and copolymer. 

[0082] The polymer (1) can be any of a variety of poly- 
mers having aminopJast-reoctivc functional groups as ore 
well known in tbe art, so Jong a* tbe T g of me polymer fs 
sufficiently high to permit the formation of a stable, solid 
particulate composition. The T- of tbe polymer (1) typically 
is at least 30° C, preferably at least 40* C, more preferably 
at least 50° C. The T 8 of the polymer (1) also typically is less 
than 130° C, prcJferably less than 100° C more preferably 
less than 80* C The T g of me functional group-containing 
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polymer (1) can range between any combination of these 
values inclusive of the recited values. 

[0083] Noft'limitiDg examples of polymers having reac- 
tive functional groups usefol in the powder coating compo- 
sitions of Ibe invention a* the polymer (L) include (hose 
selected from acrylic, polyester, polycpoxide, polyurethauc 
and polyethcr polymers. Acrylic and polyester polymers arc 
most often employed. 

[0084] Tbe polymer (1) can comprise a wide variety of 
reactive functional groups, for example hydroxy!, carboxyi 
carbamate, epoxy and/or amide functionaJ groups. The poly- 
mer (1) preferably comprises reactive functional groups 
selected the group consisting of hydroxy], epoxy, carboxyl 
and/or carbamate functional groups. In one preferred 
embodiment, the polymer (1) comprises bydroxyl and/or 
carbamate functional groups. In another preferred embodi- 
ment of the present invention the polymer (I) comprises 
hydroxyl and/or epoxy functional groups. 

[0035] Suitable functional group-containing acrylic poly- 
mcrs include copolymers prepared from one or more olkyt 
esters of acrylic acid or metbacrylic acid and, optionally, one 
or more other polymerizable etbylemcally unsaturated 
monomers. Suitable alky I esrers of acrylic or metbacrylic 
acid include methyl roetfiPcryUte, ethyl methaccybte, butyl 
mctbacrylate, ethyl aery late, butyl acrylate and 2-cthylhcxyl 
acrylate. Also, when epoxy Cunctjonol polymers pre desired, 
epoxy functional monomer*, tor example glycidyl acryfate 
and glycidyl roethacrylale and ally! glycidyl ether, are 
suitable. Etbylenicalty unsaturated carboxyfic acid func- 
tional monomers, for example acrylic acid and/or meth- 
acrylic acid, can also be used when o carboxylic acid 
functional acrylic polymer is desired. Amide functional 
acrylic polymers can be formed by polymeri^irtg ethyleni- 
caJJy unsaturated acrykmide monomers, such as r^-bu- 
toxym ethyl. aeryJ amide and N-butoxycthyl acrylamide with 
other polymerikable emyleoicaJly unsaturated monomers. 
fiou-Umiling examples of suitable other poIymeri2able ecfa- 
ylepicnlly unsaturated monomers include vinyl aromatic 
compounds, sncb as styrcne and vinyl toluene; nitrites, snch 
as acrylonurfle and methacrylonitrile; vinyl and vmytidene 
hnlidcs, such as vinyl chloride and vinylidenc fluoride and 
vinyl etfers, such as vinyl acetate. 

[0086] In one embodiment of the present invention, the 
acrylic polymers contain bydroxyl fimcfionality which can 
be incorporated into the acrylic polymer through the use of 
hydroxyl functional monomers such ay hydroxyethyl acry- 
late, bydroxypropyl acrylate, hydroxyethyl metbaccylate and 
hydroxypropyl metaacrylatc wbicb may be copolymerizcd 
with tbe other acrylic monomers mentioned above. 

[0087] In another embodiment of the invention, the acrylic 
polymer can be prepared from etby/cmcalJy unsaturated, 
beta-hydroxy ester functional monomers. Such monomers 
are derived from the reaction of an ethylenically unsaturated 
acid functional monomer, such as monocarboxyfic acids, for 
example, acrylic acid, and an epoxy compound which does 
not participate in the free radical initiaLed polymerization 
with tbe unsaturated acid monomer. Examples of such epoxy 
compounds arc glycidyl ethers and esters. Suitable glycidyl 
ethers include glycidyl ctbers of alcohols and phenols, sued 
as butyl glycidyl ether, oclyl glycidyl ether, phenyl glycidyl 
ether and the like. Suitable glycidyl esters include those 
which arc commercially available from Shell Chemical 
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Company under the tradename CARDURA® Ej and from 
Exxon Chemical Company under the rrndename GLY- 
DEXXfl-10. 

[0088] Alternatively, the beta-rrydroxy ester fnnctionat 
monomers ore prepared Irom an ethylenically unsaturated, 
cpoxy taetional monomer, for example glycidyi rncthacry- 
tate and allyi glycidyi ether, and a saturated carboxylic acid, 
such as a saturated monocarhoxyiic 3cfd, Cor example, 
t$0£te&fic acid. 

[O089J The hydroxyl graup<ODrainmg acrylic polymers 
useful in the compwrtions of the present invention typically 
have a hydroxy! value ranging from 10 to 150, preferably 
from 15 to 100, and more preferably from 20 to 50. 

[0090] Tbe acrylic polymer is typically prepared by solu- 
tion polymerisation techniques in tbc presence of suitable 
initiators such as organic peroxides Of azo compounds, ibr 
example, benzoyl peroxide or N^-azobi»(i5obu.tyroflitrile). 
The polymerization can be carried out in an organic solution 
in which the monomers are soluble by techniques conven- 
tional in the an. 

[0091} Pendent and/or terminal carbamate functional 
groups can be incorporated into the acrylic polymer by 
conoiymerizing the acrylic monomer with a carbamate func- 
tional vinyj monomer, such as a carbamate functional alkyJ 
ester of methacrylic acid. These carbamate functional aJkyl 
esters are prepared by reacting for example, a bydroxyalkyl 
carbamate, such as the reaction product of ammonia, and 
ethylene carbonate or propylene carbonate, with mcuaacrylic 
anhydride. Other carta mate mnctioael vinyl monomers can 
include the reaction product of bydroxyethyl ruelhacrylate, 
isophoionc dii-wyanate and bydroxypropyl carbamate. Still 
other carbamate functional vinyl monomers may be used, 
such as the reaction product of isocyaotc acid (HNCO) with 
a hydrgxyl fiinctionol acrylic or methacrylic monomer such 
as hydroxyethyl acrylate, and those carbamate fractional 
vinyl monomers described to U.S> Pat. No. 3^479,328. 

[0092] Carbamate groups can also be incorporated into the 
acrylic polymer by a f •franscarbamoylatk^l• , reaction in 
which 6 hydroxyl rujjctjonaj acrylic polymer is reacted with 
a low molecular weight carbamate derived from an alcohol 
or a glycol ether. The carbamate groups exchange with the 
hydroxyl groups yielding the carbamate functional acrylic 
polymer and the original alcohol or glycol ether. 

[0093] The low molecular weight carbamate fimctional 
material d^ri^d from an alcohol or glycol ether is first 
prepared by reacting the alcohol or glycol ether with urea in 
the presence of a catalyst such as butyl stannoic acid. 
Suitable alcohols include lower molecular weight aliphatic, 
cycJoalipbauc and aromatic alcohols, sucb as methanol, 
etbanol propanoic butanol, cyetobexanol, 2-etbylbcxanol 
and 3-rocthy)bntanoL Suitable glycol ethers include ethylene 
glycol methyl ether and propylene glycol methyl ether. 
Propylene glycol methyl ether is preferred. 
[0094] Also, hydroxyl functional acrylic polymers can be 
reacted with isocyanic acid yielding pendent carbamate 
groups. Note that the production oC fcocyanic add is dis- 
closed in UJS. Pat. No. 4,364,913. Likewise, hydroxyl 
functional acrylic polymers can be reacted with urea to give 
an acrylic polymer with pendent carbamate groups. 

(0095J Epoxide fancUooal acrylic polymers are typically 
prepared by polymerizing one or more epoxide functional 
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ctbylenicaUy unsaturated monomers, e.g., glyddyl (mem) 
acrylate and allyl glycidyi ether, with one or more cthylcgi- 
colly unsaturated monomers that are free of epoxide func- 
tionality, e_g., methyl (mctb)acrylaie, isobcrnyl (rocth) amy. 
late, butyl (metb)aaylate and styrene. Examples of epoxide 
functional ethylenically unsaturated monomers that may be 
used in the preparation of epoxide functional acrylic poly- 
mers include, but are not limited to, glycidyi (meth)acrylate, 
3^-epoxycyclohfixylmetbyl (mcth)acTylate, 2-(3>4-cpoxy- 
cyclobexyl)cUryl (meili)acryt3tc and airy! glycidyi ether. 
Examples of ethylenically unsaturated monomers that arc 
free of epoxide functionality include those described above 
as well as those described in US. Pat. No. 5,407,707 at 
column 2, lines 17 through 56, whkb disclosure is inu>r* 
p orated herein by reference. In one embodiment of the 
present invention* the epoxide functional acrylic polymer Is 
prepared from a majority of (mcth>crylate monomers. 

[0096] The functional grnup-contaimng acrylic polymer 
typically can have a Mn ranging from 500 to 30,000 and 
typically from 1000 to 5000. If carbamate fundi onaK the 
acrylic polymer typically can have a calculated carbamate 
equivalent weight within the range of 15 to ISO. and 
typically less than 50 t based on equivalents of reactive 
carbamate groups. 

[0097] Non-limiting examples of functional group-con- 
taining polyester polymers suitable for use as the polymer 
(1) in the powder coating compositions of the present 
invention can include Knear or branched polyesters having 
hydroxyl, carboxyl and/or carbamate fnoctionality. Sucb 
polyester polymers are generally prepared by the pol yes* 
ten fi cation of a polycarboxylk acid or anhydride thereof 
with polyols aud/Or an epoxide using techniques known (o 
those skilled in the art. Usually, the polycarboxyb'c acids and 
polyols are aliphatic or aromatic dibasic adds and diols. 
Tra nsesteri ficat ion of polycarboxylrc add esters using con- 
ventional techniques is also possible. 

[0098] Tbe polyols usually employed in the preparation of 
the polyester (or the potyurethane polymer, as described 
below) include alkykne glycob, adch as ethylene glycol and 
other diols such as neopentyl glycol, hydrogcnaled Bispbe- 
nol A, cyclobexanediol, butyl ethyl propane diol, trimctbyl 
pen lane diol, cyclobexaoedimelhanol, caprolactoncdioJ, for 
example, the reaction product of epsilon-capmlactone and 
ethylene glycol, hydroxy-alkylated btsphcools, polyether 
glycols, for example, po!y(oxyietramcthyieoc) glycol and 
the Jikc. Polyols of higher functionality can also be used. 
Examples include trimethylolpropane, trimethylolethane, 
pentacrythritol Iris-bydroxyethyKsocyannrato and the like. 
Branched polyols. such as irimetbylolpropane, arc preferred 
in the preparation of the polyester. 

[0099] The add component used to prepare the polyester 
polymer con include, primari ly, monomeric carboxylic acids 
or anhydrides thereof having 2 to 18 carbon atoms per 
molecule. Among the acids which are useful are 
cyclo aliphatic adds and anhydrides, such as pbthalic add, 
isopblbalic acid, terephthalic acid, tefmhydrophthalic add, 
hcxabydrophthalic add, methylhexahydrophtbalic acid, 1,3- 
cyclofaexane dicarboxybc add and 1,4-cydobexane dicar- 
boxylic add. Other suitable acids include adipic acid, aze- 
laic add, scbacic acid, maleic add, gjuiaric add, decanoic 
di.idd, dodecimolc dioeid and other dicarboxybc odds of 
various types. The polyester can include minor amounts of 
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monobasic acid* such as benzoic acid, stearic acid, acetic 
acid sod oleic acid. Also, there may be employed higher 
carboxylic acids, such as trimelliric acW and tricarballylic 
acid, Where adds arc referred to above, it is understood thai 
anhydrides thereof which exist may be used in place of the 
acid. Also, lower alkyl esters of diacids such as dimethyl 
glurarate and dimethyl tcrepbtbalate can be used. Because h 
ts readily available and low in cost, terephihaHc acid is 
preferred. 

[0100] Pendent and/or terminal carbamate functional 
groups can be incorporated into the polyester by first form- 
ing n bydroxyolkyl carbamate which con be reacted with the 
polyacids and polyoU used in forming the poLycstcr. The 
hydroxyalkyl carbamate is condensed with acid functional- 
ity on the polyester yielding carbamate functionality. Car- 
bamate functional groups can aleo be incorporated into Ibe 
polyester by reacting a hydroxyt functional polyester with a 
low molecular wcigjbi carbamate fonctionaj material via a 
transcarbamoylatiort process similar to the one described 
above in connection with the incorporation, of carbamate 
groups into the acrylic polymers or by reacting isocyanic 
acid with a hydroxy! functional polyester, 

[0101] The functional groop-conUming polyester polymer 
can have a Mn ranging from 500 to 30,000, typically about 
1000 to 5000. If carbamate functional, the polyester polymer 
can have a calculated carbamate equivalent weight within 
the range of 15 to 150, typically 20 to 75, based on 
equivalents of reactive pendent or terminal carbamate 
groups. 

[0102] Epoxide Oittctional polyesters can be prepared by 
art-recognized methods, which typically include first pre- 
paring a hydroxy fbnctionaj polyester that is then reacted 
with epichJorohydrin. Polyesters having hydroxy function- 
ality may be prepared by art-recognized methods, which 
include reacting carboxylic adds (and/or esters thereof) 
having acid (or ester) functionalities of at least 2 ( and 
polyols having hydroxy functionalities of at least 2. A* fe 
known to those of ordinary skill in the art, the molar 
equivalents ratio of carboxylic acid groups to hydroxy 
groups Of the reactants is selected such that the resulting 
polyester has hydroxy functionality and the desited molecu- 
lar weight, 

[0103] Non-limirfog examples of suitable poiyurcthane 
polymers bavmg pendent and/or terminal hydroxyl and/or 
carbamate functional groups include the polymeric reaction 
products of polyols, which are prepared by reacting the 
polyester polyols or acrylic polyols, such as those men boned 
above, with a polyfsocyanate such that the OK/NCO equiva- 
Iem ratio is greater lhan 1:1 such, that free hydroxy! groups 
are present in the reaction product. Such reactions employ 
typical conditions for methane formation, for example, 
temperatures of 60 6 G to 90° C and up to ambient pressure, 
as known to those skilled in the art. 

[0104] The organic polyisocya nates which can be used to 
prepare the functional group-containing polvurethanc poly- 
mer include aliphatic ox aromatic polyisocya nates or a 
mixture of the two. Diisocyanates are most often used, 
although higher poJytsocyenatcs can be used in place of or 
in combination will) diisoeyHuales. 

[0105] Examples of suitable aromatic difsecyaoalcs 
include 4^-dipheoyImethane diisocyanate and toluene 
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diisocyanate. Examples of suitable aliphatic diisocyaoates 
include straight chain aliphatic diisocyanate*, such as 1,6- 
hexametbylenc diisocyanate. Also, cycloaiiphattc ditsocy- 
anatcs can be employed. Examples include isophorone 
diisocyanate and 4,4*-methylene-bis-<cyclohexyl isocyan- 
ate). Examples of suitable higher polyisocyanates include 
1,2,4-benzeitt tritsocyanate and poiymetbylene polypbenyl 
isocy&naie. 

[0JMJ Terminal and/or pendent carbamate functional 
groups can be incorporated inte the polyuretbaue by reacting 
a polyisocyanote with a poryester polyol containing the 
terminal/pendent carbamate group*. Alternatively, carbam- 
ate functional groups can be incorporated into the polyure- 
tbane by reacting a polyisocyanate wirb a polyester polyol 
and a hydroxyalkyl carbamate or isocyanic acid as separate 
reactants. Carbamate functional groups can also be incor- 
porated into the polvurethanc by reacting a hydroxy! func- 
tional potyurethane with a low molecular weight carbamate 
fractional material via a tr&nscarbamoylation process simi- 
tar to the one described above in connection with the 
^corporation of carbamate groups into the acrylic polymer. 

[0107] The hydroxyl and/or carbamate functional group- 
containing polyurethane polymer* can have a Mn ranging 
from 500 to 20,000, typically from 1000 to 5000. If car- 
bamate fractional, the potyurethane polymer can have a 
carbamate equivalent weight within the range of 15 to 150, 
typically 20 to 75, based on equivalent* of reactive pendent 
or terminal carbamate groups. 

[0108] For some applications it may be desirable to 
employ a fijuetional group-containing porycthcr polymer in 
the powder coating compositions of the present invention. 
Suitable hydroxyl and/or carbamate functional polyether 
polymery can be prepared by reacting a polyether polyol 
with urea under reaction conditions well known to those 
skilled in the art. More often, the polyether polymer is 
prepared by a transcarbamoylation reaction similar to the 
reaction described above in connection with die iocorpora- 
tion of carbamate groups into the acrylic polymers. 

[0109] Examples of polyether polyols are poly alky lene 
ether polyols which include those having the following 
structural formulae (VI) pod (VJQ: 



(vr) 




or 

<vro 



[0110] where the substirucnt R* is bydra£en or bwer alkyl 
containing from 1 to 5 carbon atoms including mixed 
substirucnta, n is typically from 2 to 6, and m is from S to 
100 or higher. Note that the hydroxyl groups, as shown in 
structures (VT) and (Vti) nbovc, are terminal to the mol- 
ecules. Included arc poIy(oxyteira methylene) glycol* poty- 
(oxytctracwylene) glycols, poly(oxy-l,2.propyJcoe) glycols 
and poly(oxy-l^butylece) glycols. 
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[0J11] Also useful arc polyetber polyols formed from 
oxyalky lotion of various polyols, for example, diols, such as 
ethylene glycol, 1,0-rjexanedtol, Bfspheuol A and the like, or 
other higher polyols, such as uimemylolpropanc, pen- 
uerythrital and ibe like. Pbtyols of higher tuncnknality 
which can be utilised as indicated can be made, for instance, 
by oxyalkylatfoD of compounds, such as sucrose or sorbitol- 
One commonly utilized oxya Deflation method is reaction of 
a polyoJ with an alkyleno oxide, for cxamplo, propylene or 
ethylene cride, in the presence of * conventional acidic or 
basic catalyst as known to those slolled in the art Typical 
oxyalkylatiou reaction conditions may be employed. Suit- 
able polyethera include those sold under the names TER- 
ATHANE® and TERACOL^), available from E- 1. Du Pont 
de Nemours and Company, Inc. and POLYMEG<8, available 
from Q O Chemicals, Inc., a subsidiary of Great Ukes 
Chemical Corp. 

[0112] Epoxide functional polyethers can be prepared 
from a hydroxy functional monomer, e.g., a diol. and an 
epoxide functional monomer, and/or a monomer having botb 
hydroxy and epoxide functionality. Suitable epoxide func- 
tional, polyethers include, but are cot limited to, those based 
on 4.4MsopropyUdenedipbcnol (Prsphenol A), a specific 
example of which is EFON® RESTN 2002 available com- 
mercially from Shell Cbemicals. 

[0113] Suitable functional group^ntaining polyethet 
polymers can have a number average molecular weight (Mn) 
ranging from 500 to 30,000 and typically from 1000 to 5000. 
If carbamate functional, the polyetber polymers can have a 
carbamate equivalent weight of within the range of 15 to 
1.50, typically 25 to 75 r based on equivalents of reactive 
pendent and/or terminal carbamate groups and the solids of 
the polyetber polymer. 

[0114] It should be understood that the carbamate func- 
tional group-coDUioing polymers often contain residual 
bydroxyl functional groups which provide additional 
cross Jinking sites. Such carbamate/hydioxyl functional 
group-containing polymer (1) can have a residual bydroxyl 
value ranging from 0.5 to 10, more preferably from 1 to 10, 
and even more preferably from 2 to 10 (mg KOH per gram). 

[0115] It should be noted that any of the functional group- 
containing polymers described above may be used as the 
polyfunctronal polymer (2) in the preparation of the uretbanc 
group-containing adduct previously described, provided the 
polymer has functional groups reactive with mono-isocyan- 
ates. 

[0116] The CuTCUoaal group-containing polymer (1) can 
be present in the powder coating oom position of the present 
invention in an amount ranging from at least 5 percent by 
weight, usually at least 20 percent by weight, often at least 
30 percent by weight, and typically at least 40 percent by 
weight based on the total weight of resin solids in the 
film-forming composition. The functional group-containing 
polymer (1) also can be present in the powder coating 
compositions of the present rovcotion in an amount Less than 
95 percent by weight, usually less than 90 percent by weight, 
often less than 85 percent by weight, and typically less than 
80 percent by weight based on the total weight of the powder 
coating composition. The amount of the functional group- 
coniflining polymer (1) present in the powder coating com- 
positions of the present invention can range between any 
combination of these values inclusive of the recited values. 



[0117] As mentioned above, the powder coating compo- 
sitions of the present invention further comprise, as com- 
ponent (2), the cross! inking agent described in detail above. 
The cTOsshnking agent (2) can be present in the powder 
coating compositions of tbc present invention in an amount 
ranging from at least 5 percent by weight, often at least 10 
percent by weight, often at least 15 percent by weight, and 
typically at teaM 20 percent by weight based on the total 
weight of the powder coating composition. The crosslinking 
agent (2) also can be present in the powder coaling compo- 
sitions of the present invention in an amount less than 95 
percent by weight, uaaiaily less than 80 percent by weight, 
often leaf than 70 percent by weight, and typically less than 
60 percent by weight based on the total weight of the powder 
uoatidg composition. The amount of the cross! inking agent 
(2) present in the powder coating compositions of the 
present invention can range between any combination of 
these values inclusive of the recited values. 
[0119 J If desired, the powder coating compositions of the 
present invention also can include one or more adjuvant 
curing agents different from the crosslinking agent (2). The 
adjuvant curing agent can be any com pound having func- 
tional groups reactive with the functional groups of the 
polymer (l) or the crosslink] ng agent (2) described imme- 
diately above. Non-limiling examples of suitable adjuvant 
curing agente iucliule blocked isoeys nates, trie due com- 
pounds, glycoluril resins, and mixtures thereof. 

[0119] The blocked isocyanatcs suitable for use as the 
adjuvant curing agent in the powder coating compositions of 
the invention are known compounds and can be obtained 
from commercial sources or may be prepared according to 
published procedures. Upon being healed to cure the powder 
coating compositions, the r socyannles are unblocked and the 
isocyanaie groups become available to react with the func- 
tional groups of the polymer (1). 
[OJ20] Any suitable aliphatic, cycloaliphatic or aromatic 
alkyl monoalcohot known to those skilled in the art can be 
used as a blocking agent for the isocyaoate. Other suitable 
blocking agents include oximes and lactams. Non-limiting 
examples of suitable blocked isocyanatc curing agents 
include those based on isophoronc diisocyanate blocked 
with epsilon-caprolactam; toluene 2,4-tolucne diisocyanate 
blocked with cpsilori-CRprolactam; or phenol-blocked bcx- 
amethylene diisocyanate. The blocked isocyanatcs men- 
tioned immediately above are described in detail in U.S. PaL 
No. 4,988,793 at column 3, lines 1 lo 36. Preferred blocked 
isocyanatc curing agents include BF-1530, which is the 
reaction product of cpsiJon-caprolactam blocked T1890, a 
trimerized isopboronc diisocyanate ("IPDI") with on isocy- 
anate equivalent weight of 280, and BF-1540, a urctldioae of 
IPDI with an isocyanatc eonfvalent weight of 280, oil of 
which are available from Crcanova of Somerset 

[0121] Conventional aminopla^t cross! inkers can be used 
as the adjuvant curing agent provided that the T ft of the 
coating is not lowered to an undesirable extent. Such ami- 
nopUst resins can include aldehyde condensates of gly- 
coluril, such as those Ascribed above. Glycoluril resins 
suitable for use as the adjuvant curing agent hi the powder 
coating compositions of the invention include POWDER- 
LINK® 1174, commercially available from Cytec Indus- 
tries, Inc. of Stamford, Conn. 

[0122] When employed, the adjuvant curing agent can be 
present to the powder coating compositions of the present 
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invention in an amount ranging from 10 to 0,5 percent by 
weight, nsually from 10 to 1 percent by weight, often from 
5 to 2 percent by weight, and typically from 4 to 2 percent 
by weigbl based on the total weight of foe powder costing 
composition. 

[0123] Also suitable for use as an adjuvant curing ageat in 
the powder coaling compositions of the present invention 
arc triazine compounds, such as (be tricarbamoyl triizirie 
compounds described in detail in U-S, Pat No. 5,0*4,541. 
Wnea used, tbe triazine curing agent is typically present in 
the powder coating composition of the present invention in 
an amount ranging Up to about 20 percent by weight, and 
preferably from about 1 to 20 percent by weight, percent by 
weight based on the total weigh! of tbc powder coating 
composition. Mixtures of the above-described curing agents 
also can be used advantageously. 

[0124] Also, il should be understood that for purposes of 
tbc present invention, the curable powder coating composi- 
tions wbicb contain epoxy group-containing polymers also 
typically include an cpoxidc-rcaclive oaring (i.c., crosslink- 
ing) agent, preferably art odd functional curing agent, in 
addition to the crossJiuking agent (2). A secondary hydroxy! 
group can be generated upon reaction of each epoxy func- 
tional group with a functional group of the cpoxide-reactive 
curing agent. These secondary hydroxy! groups are then 
available for subsequent reaction with the aminoplast-bpscd 
crowb'xifcing agent of the present invention. 

[0125] Erwnde-reacrive curing agents wbicb can be used 
in curable powder coating compositions comprising an 
epoxide functional polymer may have functional groups 
selected fiom hydroxy!, thiol, primary amines, secondary 
amines, acid (eg, carboxylic acid) and. mixtures thereof. 
Useful epoxide reactive curing agents having amine func- 
tionality include, for example, dfcyandiamide and substi- 
tuted dicyandiarnidc*. Preferably, tbe epoxide reactive cur- 
rng agent has carboxylic acid groups, 

[0126] In one embodiment of the present invention, tbc 
epoxide reactive crosstinking agent has carboxylic acid 
functionality and is substantially crystalline. By "crystal- 
line'* is meant that the co-reactant contains at lca*t some 
crystalline domains, and correspondingly may contain some 
amorphous domains. While not necessary, it is preferred that 
the epoxide reactive cmsslinking agent have a melt viscosity 
less than that of tbe epoxy functional polymer (at the same 
temperature). As used herein and in the claims, by "epoxide 
reactive crowlinking agent" is meant that the epoxide reac- 
tive crosslinking agent has at least two functional groups 
mat are reactive with epoxide fiiactioDatily. 

[0127] Preferably, the epoxide reactive crosslinking agent 
is a carboxyb'c acid junctional curing agent, wbicb contains 
from 4 to 20 carbon atoms. Examples of carboxylic acid 
functional cross! inking agents useful in the present invention 
include, but are not limited to, dodecanedioic acid, azelaic 
odd, adiptc acid, 1,6-bexauediolq acid, succinic acid, 
pimejic acid r sebasic acid, maleic acid, citric acid, itaconic 
acid, aconilic add and mixtures thereof. 

[0128] Other suitable carboxylic add rjinctiona) curing 
agents include those represented by the following genera! 
formula (WO), 
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[0129] In general: formula (WI), is tbe residue of a 
polyo), £ is a divalent Jinking group having from 1 to 10 
carbon atoms, and o is an integer of from 2 to 10, Examples 
of polyoJs from which ft 5 of general formula (VJIJ) may be 
derived include, but are not limited to, ethylene glycol, 
di(etbylene glycol), triractbylolethaoe, trirnetbyloJpropane, 
pcqtaerytbritoU di-oimethylulpropane, di-pcntaerythritol 
and mixtures thereof. Divalent linking groups from which E 
may be selected include, but are not limited to, methylene, 
ethylene, propylene, isopropylene, butyienc, pcntylene, 
hexylene, heptylene, octyjene, nonyleae. decylcne, cyck>- 
bexylene, c,g,, l^cyclohexylene, substituted cydohexy- 
lene, e.g., 4-mctb.yUl f 2-cyclobcxy)enc I phcnylene, e.g., 1,2- 
pncnylcne, and substimted phenykme* e.g., 4-methyl-l^- 
phenylene and 4-eaiboxyIic acid-l,2-phcny)ene. Toe 
divalent linking group E is preferably olipbajic. 

[0130] Tbe curing agent represented by general formula 
(VIII) is typically prepared from a polyol and a dibasic acid 
or cyclic anhydride. For example, himeuiylol propane and 
bcxarry6Vo-4-metby^biha!ic anhydride are reacted together 
in a molar ratio of 1:3 respectively, to form a carboxylic acW 
functional curing agent. This particular curing agent can be 
described with reference to general formula (VlU) as fol- 
lows, R 5 is tbe residue of trimetbylol propane, E is tbe 
divalent linking group 4-metbyI-l,2riyclohexylene, and n rs 
3. Carboxylic acid functional curing agent* described heieoi 
with reference to genera! formula VIII also are meant to 
include any un reacted storting materials and/or Co-products, 
e.g., oligomeric species, resulting from their preparation and 
contained therein. 

[0131] Curable powder coating compositions comprising 
an epoxide functional polymer and an epoxide reactive 
curing agent can also include one or more cure catalysts fox 
catalyzing the reaction between tbe reactive fractional 
groups of the croseb'nking agent and the epoxide groups of 
the polymer. Examples of cure catalysis for use with add 
uinctiooal crosslinking agents induce tertiary amines, e.g. r 
methyl diencoamme, and tin compounds, e_g., triphenyl tin 
hydroxide. When employed, the curing catalyst is typically 
present in tbe curable powder coating composition in an 
amount of less than 5 percent by weight, e,g., from 0,25 
percent by weight to 2X> percent by weight, based on total 
weight of the composition. 

[0132] Curable powder coating <wm positions comprising 
epoxide functional polymers and epoxide reactive curing 
Agents typically include both in a total amount ranging from 
50 percent to 99 percent by weight, based on the total weight 
of tbe composition, e.g., from 70 percent to 85 percent by 
weight, based on tbe total weight of Ihe composition. The 
epoxide reactive curing agent can be present in tbc curable 
powder coating composition in an amount corresponding to 
a portion of these rocited ranges, i.e., 5 to 40; particuJarly 15 
to 30, percent by weight, based on the cotal weight of the 
composition. The equivalent ratio of epoxide equivalents in 
tbc epoxide functional polymer to tbe equivalents of reactive 
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functional groups in the curing agent is typically from 0.5:1 
to 2:1, e.g., from 0.8:1 to 1.5:1. 

{0133] CurBblc powder coating compositions of the 
present wvzalioo com prising 20 epoxide function a 1 polymer 
a* rcactanf (1) and an epoxide reactive curing agent also 
comprise the crosslinking agent (2) in en amount rouging 
from 1 (0 50 weight percent, often from 2 to 40 weight 
percent and typically from 15 to 30 weight percent based on 
the tout weight of the powder coating composition. 

[0134] The powder coating compositions of the present 
invention cad further include additives as are commonly 
known in the art. Typical additives include benzoin, used to 
reduce entrapped air or volatiles; flow aids or flow control 
agents which aid io the formation of b smooth and/or glossy 
surface, for example, MODAFLOW<8> available from Mon- 
santo Chemical fJo.,waxes such as M/CROWAX© C avail- 
able from Hoecbst, fillers such as calcium carbonate, barium 
sulfate and the like; pigments and dyes as colorants; UV 
right stabilizers such as TTNUVIN© 123 or TINtfVIN® 900 
available from CIBA Specialty Chemicals and catalysts to 
promote the various crnsslinking reactions- 

[IH35] Such additives are typically present in the powder 
coating compositions of the present invention in an amount 
ranging from 1 to 20 weight percent based on total weight 
of the powder coating ccimposition. 

[0136] The powder coaling compositions of the invention 
are typically prepared by blending tbe functional gronp- 
contaimng polymer (I) and the crosslinldng agent (2) tor 
approximately 1 minute in a Henscbel blade blender. The 
mixture is then cxlTuded through an extruder, for example, 
a Baker-Parians twin screw extruder, at a temperature rang- 
ing from 15*" F. to 266* F. (70° C. to 130° G). Tbe resultant 
chip is usually ground and classified to an Rpptopriate 
particle si»5, typically between 20 and 2U0 microns, in a 
cyclone grinder/Sifter. 

[0137] The powder coaling composition* of tbe invention 
can be applied to a variety of substrates including metallic 
substrates, for example, aluminum nod steel substrates, end 
non-metallic substrates, for example, thermoplastic or ther- 
roosct composite substrates. The powder coating composi- 
tions are typically applied by spraying, and in the case of a 
metal substrate, by electrostatic spraying, or by the use of a 
flukJized bed. The powder coating con be applied in a single 
sweep or in several passes to provide a film having a 
thickness after cure of from about 1 to 10 mils (25 to 250 
micrometers), usually about 2 to 4 mils (50 to 100 microme- 
ters). 

[0138] Generally, after appHcatioo of tbe powder coating 
composition, the powder coated substrate is heated to a 
temperature sufficient to cure tbe coating, usually to a 
temperature ranging from 250° F. to 500° F. (WW G to 
260.0* C.) for 1 to 60 minutes, and typically from 300* F. to 
400° P. (J.4S.9" C to 204.4° C.) for T.5 to 30 minutes. 

[0139] The powder costing composition can be applied as 
a primer or primer surfacor, or as a top coal, for example, a 
"monocoaf. In one embodiment, the present invention is 
directed to a powder coaling composition which is advan- 
tageously employed as a top coat in a multi-layer composite 
cob ting composition. Such a multi-component composite 
coating composition generally comprises a base coat depos- 
ited from a base coat film-forming composition (which 
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usually is pigmented) and a top coat applied over Ibc base 
coat, the top coat being deposited from the powder coaling 
composition of the present rnveption as described above. In 
another embodiment of the present invention, tbe multi- 
component composite coating com position is a color-plus- 
clear system where the top coat is deposited from a powder 
coating composition which is substantially pigment-free, 
i.e., a clear coat. 

[0140] The tllm-forming composition from wbicb the ba se 
coat is deposited can be any of tbe compositions useful in 
coatings applications, for example, in automotive applica- 
tions, where color-phis-clear systems are often used. A 
film-forming composition, conventionally comprises a res- 
inous binder and, typically, a pigment to serve as a colorant 
Particularly useful resinous binders include acrylic poly- 
mers, polyesters including alkyds, apd polyurctbancs 
examples of wbicb con include the polymers described 
above. 

[0141] Tbe resinous binders for tbe base coal can be 
organic solvent-based materials, such as those described in 
U.S. Pat. No. 4,220,679. Water-based coating compositions, 
such as rbose described in U.S. Pat. Nos. 4,403,003; 4,147, 
679; and 5,071,904, also can be used as the base coal 
composition. 

[0142] As mentioned above, the base coat compositions 
also contain pigments of various types as colorants. Suitable 
metallic pigments include aluminum flake, bronze Hate, 
copper flake and the like. Other examples of suitable pig- 
ments include mica, iron oxides, lead oxides, carbon black, 
titanium dioxide, talc, as well as a variety of color pigments. 

[0143] Optional ingredients for the base coat film-forming 
compositions include those which are well known in the art 
of surface coatings and include surfactants. Bow control 
B^nis, thixotropic agents, fillers, ami-gassing agents, 
organic co-solvents, catalysts and other suitable adjuvant*. 

[0144] Tbe base coat fdm-forming compositions can be 
applied to the substrate by any of the conventional coating 
techniques, such as brushing, spraying, dipping or flowing, 
but they most often are spray-applied. The usual spray 
techniques and cqufemerit for air spraying, airless spraying 
and electrostatic spraying can be used. 

[0145] Tbe base coat film-forming compositions typically 
are applied to tbe substrate such that b cured base coat 
having a film thickness ranging from 0.5 to 4 mils (12.5 to 
100 microroelJCfs) is formed thereon. 

[014(5] After forming a film of the base coal on the 
substrate, the base coat can be cured or, afierjjatively, given 
a drying step in which solvent, i.e., organic solvent and/or 
water, is driven oil by healing or an air drying step before 
application of the top coat. Suitable drying conditions will 
depend on the particular base coat film -forming composition 
and on the ambient humidity with certain wruar-ba«cd com- 
positions. In general, a drying time ranging from 1 to 15 
minutes at a wmoeratvrc of 75* F. to 200° E (21° C. to 93° 
C.) is adequate. 

[0147] The curable powder top coating composition cm 
be applied to tbe base coat by any of tbe methods of 
application described above. As discussed above, Uic now* 
der top coat can be applied to a cured or a dried base coat 
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before the base coat has been cured- la the latter case, the 
powder top coat end the base coat are cured simulfQaeously. 

[0148J Illustrating the invention arc the following 
example*, which are not to bo considered as limiting the 
invention to Their details. Unless otherwise indicated, ol) 
parts and percentages to The following examples, as well, as 
throughout the specification, are by weight. 

EXAMPLES 

[0149] Example A describes the preparation of a polyester 
for use in preparing a uretbane group-contaimng add net. 
Examples B through E describe the preparation of crosslink- 
ing agents in. accordance wjtb the present invention. Tbc 
cross linking agents were prepared by modifying au appro- 
priate melaminc-bascd aminoplast resin. 

Example A 

Preparation of the Polyester (1) 

[0150] Into a two-liter four-rjecked reaction ^ lecttic 
equipped with a thermometer, a mechanical stirrer, rrilrogen 
inlet, and a separator were placed 955 j0 parts of bydroge- 
oated Bispbeool A, 305.0 parts of hexahydrophthalic anhy- 
dride, 1.3 parts of dibutyl tin oxide, and 1.3 parts of 
triisodecylpbospbite. The mixture was melted by beating 
and was further heated to 230° C while the water resulting 
from the reaction was removed through the separator The 
reaction was stopped when an acid value of 2 was achieved- 
The polyester had a hydro xyl number of 160 and T s around 
65° C 

Example B 

[0151] toto a two-liter four-necked reaction kettle 
equipped with a thermometer, a mechanical stirrer, nitrogen 
inlet, and means far removing the by-product (methanol) 
were placed 279.3 parts of the polyester (1) of Example A, 
and 340j0 parts of xylene. The mixture was heated to U0* 
C and held for 2 hours under constant nitrogen sparge. It 
was then cooled down u> 60° C. and a- mixture or 95.3 parts 
of phenyl Isocyanate and O.S part of di-butyl tin di-laurate 
was added dropwise through an addition funnel. IUQ.0 parts 
of xylene were charged subsequently and the mixture was 
held at 90* C. until it was free of NCO functionality. 
Thereafter, 640.0 pans of Cymel® 300, 106.0 parts of 
benzoin, and 2.0 parts of p-talueoesulfooic acid were added 
to the kettle. The mixture was heaxed to 120° C and the 
temperature was maintained while the methanol by-product 
was removed from the system. The reaction progress was 
monitored by measuring the IR spectra of tbc mixture and 
was terminated when the end point was detected. It was then 
concentrated at a temperature, of 100-130° C. in a vacuum of 
3-50 mm Hg to remove the xylene solvent. The product thus 
obtained was a pale yellow solid wfth a softening tempera- 
ture of around 40* C. 

Example C 

[0152] Into a two-liter four-necked reaction kettle 
equipped witb a thermometer, a mcchanicaj stirrer, nitrogen 
inlet, and means for removing the by-product (methanol) 
were placed 139.6 parU of the polyester (1) of Example A, 
and 170.0 parts of xylene The mixture was heated to 110* 
C, and held for 2 hours under constant nitrogen sparge. It 



Mar. 28, 2002 



was then cooled down to G0° C. and a mixture of 47.6 parte 
of phenyl isocyanate and 0.4 part of di-butyl tin di-lauralc 
was added dropwise through an addition fonocL 50.0 parts 
of xylene were charged subsequently and the mixture was 
held at 90" C until it was free of NCO fancttonaiily, 
Thereafter, 320.0 pa** ol CymcfcJP 300, 38.5 parte of 
isobomeol, and 1.0 part of p-toluenesulfbmc acid were 
added to the kettle. Tbc mixture was heated to 120° C. and 
tbc temperature was maintained wbiic the methanol by- 
product was removed from the system- The reaction 
progress was monitored by measuring the rft spectra of the 
mixture and was terminated when the end point was 
detected. It was theo concentrated at a temperature of 
100-130° C. in a vacuum of 3-50 mm Hg to remove the 
xylene solvent. The product thus obtained was a pale yellow 
solid wjtb a softening temperature of around 40° C. 

Example D 

[0153] Into a rwo-Jitcr four-necked reaction kettle 
equipped witb *> thermometer, a mechanical stirrer, nitrogen 
inlet, and means for removing the by-product (methanol) 
were placed 139.6 ports of tbe polyester (1) of Example A, 
and 170.0 parts of xylene. Tbe mixture was heated to 110* 
C. and held for 2 hours under constant nitrogsn sparge. It 
was then cooled down to 60* C. and a mixture of 47.6 parts 
of phenyl isocyanate and 0.4 part of di-butyl tin dMaurate 
was added dropwise through an addition frmnel, 50.0 parts 
of xylene were charged subsequently and tbc mixture was 
held at 90* C. until it was free of NCO fonctionaiity. 
Thereafter, 320 JO part? of Cymel© 300, 38.5 parts of 
isoborneoi 53 J) parts of benzoin, and 1.0 part of p-tohiene- 
sulfonic acid were added to the kettle. The mixture was 
heated to 120° C. and tbc temperature was maintained while 
ihe methanol by-product was removed from the system. Tbe 
reaction progress was monitored by measuring the IR spec- 
tra of the mixture and was terminated when the end point 
wa$ detected. It was then concentrated at a temperature of 
100-130* C. in o vacuum of 3-50 mm Hg to remove tbe 
xylene solvent. Tbe product thus obtained was a pale yellow 
solid with a softening temperature of around 5CT G 

Example E 

[0154] This example describes the preparation of a 
crosslinking agent in accordance with the present invention 
when using benzyl alcohol. Into a two-liter four-necked 
reaction kcttk equipped with a thermometer, a mechanical 
stirrer, nitrogen inlet, and means for removing the by- 
product (methanol) arc placed 139.6 parts of the polyester 
(1) of Example A. and 170.0 parts of xylene. The mixture is 
heated to 110* C. and held for 2 hours under constant 
nitrogen sparge. It is then cooled down to 60° C. and a 
mixture of 47.6 parts of phenyl isocyanate and 0.4 part of 
di-butyl tin di-lsurate is added dropwise Through an addition 
funnel. 50.0 parts of xylene arc charged subsequently and 
the mixture is held at 90* C. until it is free of NCO 
functionality. Thereafter, 320.0 parts of Cymcl® 300, 36.4 
parts of benzyl alcohol 53.0 parts of benzoic, and 1.0 part 
of p-tolucnefiulibcic acid are added to tbe kettle. The mix- 
ture is boated to 120* C and the temperature i* maintained 
while the methanol by-product is removed from the system. 
The reaction progress is monitored by measuring tbc JR 
spectra ol! the mixture and is terminated when the end point 
is detected. It is ihen concentrated ai a temperature of 
100-130* C. in a vacuum of 3-50 mm Hg to remove tbe 
xylene solvent* 



Received from < 2489482093 > at 12118102 12:37:04 PM [Eastern Standard Time] 



DEC.19 , 2002 12:29 2489482093 



BASF SOUTHFIELD LEGAL 



#5490 P. 030/037 



US 2002/0037973 Al 



[0155] II will bo appreciated by those ekflted in the art thai 
changes could be made to tbc embodiments described above 
wi thOT I departing froiD the broad inventive concept thereof. 
It is understood, therefore, that this invention is not limited 
to Ac particular embodiments disclosed, but it is intended to 
cover modifications which arc within the spirit and scope of 
the invention, as defined by tbc appended claims. 

Therefore, wc claim: 

1. A crosslinking agent comprising an impelled reaction 
product of the following reactente: 

(A) at least one aminoplast resin; 

(3) a reactive urethane group-ounlaining adduct which i* 
a reaction product of tbc following rcactants: 

(t) at least one morio-isccyanate; and 

(2) at least one polyfuncrioDol polymer having func- 
tional groups reactive with the mono-isocyanatc ().); 
and 

(Q at least one compound diflcrent from (B) having 
active hydrogen groups reactive with aminoplafii resin 
(A), said compound selected from at least one of: 

(i) compounds having the following structure (I): 



0) 



R 1 



wherein 

X fs aromatic; R\ R*. and R* can be the same or 
different and each independently represents H, 
(cyeIo)alkyl having from 1 to 12 carbon atoms, 
aryl, aJkaryl, nralkyl, or an active hydrogen-con- 
taining group, 

provided that at least one of R\ R 2 , and R 3 represents 
an active hydrogen-^ODtaiorog group wbfeb is 
reactive with the amrnoplaftt resiii (A); 

(ii)compounds having the following structure (II) or 
(HI): 



017) 
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where R* and R" ace the same or different and each 
independently represents an aromadc group or an 
alkyl group having 1 to 12 carbon atoms; and 

(iii) compounds diftjerent from (i) and (ii) and having a 
melting point of at least 80° G, wherein said 
icrc^Imking agent is essentially free of urethane NH 
functionality and has a glass transition temperature 
of at least 25 e C. 

2. The crossbnking agent of claim 1, wherein the amino- 
plast resin (A) is or is derived from at least one of glycoluril, 
amioctriaztne and benzoguanamine. 

3. The crosslinking agept of claim X wberein the amino- 
pjast resin (A) comprises alkoxylatcd aldehyde condensale 
of giycoturiL 

4. The crosslinking agent of claim 3, wherein the amino- 
plast resin (A) comprises tctramclhoxy metbylglycoluril.. 

5. The crosslinking agent of claim %, wherein the amino- 
plasi resin (A) comprises (ajkoxyalkyl) ammotriazine hav- 
ing one or less non-alkylated NH bond per triozine ring- 

6. The croBsJinking agent of claim 5, wherein the amino- 
plast resin (A) comprises (metboxyrnelbyl) aminntriazirje. 

7. The crosshnkiDg agpm of claim 5, wherein the (arjeoxy- 
aDcyl) aminotriazme has a degree of polymerization of 1.75 
or less. 

8. The crosslinking a^ent of claim 1, wherein the poly- 
feinctbnal polymer <2) is selected from acrylic polymers, 
polyester polymers, polyether polymers, and mixtures 
thereof. 

9. The crosslinking agent of claim 1, wherein the poly, 
functional polymer (2) comprises functional groups selected 
from hyckoxyl groups, amine groups, tbioJ groups, and 
combinations thereof. 

10. Tbc crosslinking agent of claim 1, wherein the poly- 
functional polymer (2) comprises a polyester polymer hav- 
ing bydroxyl functional groups. 

11. The crosslinking agent of claim 10, wherein the 
polyester polymer comprises a condensation reaction prod- 
uct of the following maetanls: 

(A) a cycloalrpbatic poJyol; and 

(B) a cyclic polycarboxyb'c acid or anhydride. 

12. The croislinldng agent of claim 11* wberein the 
eyeloaJiphatic polyol (A) comprises a drol selected from 
hydrogenated Bisphcnol A. cyclohexane dimethinol and 
mixtures thereof. 

13. The crosslinking agent of claim IX, wberein the 
cyeloalipbafk polyol (A) comprises hydrogenated Bispbc- 
doI A 

14. The crosslinking agent of claim 1 1 , wherein the cyclic 
polycarboxylfc acid (B) is selected from hexahydropbthalic 
acid, phthelic acid, isopbthalic acid, tempbthalic ac£d> anhy- 
drides thereof, and mixtures tbereof- 

15. The crowKnJdng agent of claim 14, wherein the cyclic 
polycarboxylic acid (B) comprises bcxahydcophmalic anhy- 
dride. 

16. The cros<tfinldng agent of claim 11, wherein the 
number average molecular weight of the polyester poryrocr 
ranges from 400 to 1500. 

17. Tbc crosslinking a^eot of claim 10, wherein the 
bydroxyl value of the polyester polymer ranges from 90 ro 
180. 

18. The crosslinking agent of claim 1, wherein the glass 
transition fernperarurc oCthepolyfunctiooal polymer (2) is at 
least 15" C 
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IP. Tbc groRslinlting agent of claim J., wherein the glass 
transition temperature of the polyfunction b) polymer (2) 
ranges from 40° G to 120* C. 

20. The cross Jinking agent of claim t, wherein the mono- 
isocyauatc (1) is selected from cyclohc*yl uiocyanafc, phe- 
nyl isocyanate, butyl isocyanate and mixtures thereof. 

It, The crosslinking agent of claim 20, wbereir) the 
mono-isocyenRte (1) comprises cyelohexyi isocyod&te. 

22. The crosslirdcing agent o£ claim 1, wherein the molar 
ratio of the polyfliuctioDal polymer (2) to the mono-isocy- 
anatc (1) ranges from 1:13 to 2.0. 

23. The cro6$linking agent of clnim 1, wherein the com- 
pound (Q comprises al least one compound having the 
structure (I). 

24. The crosslinking agent of claim 23, wherein at least 
one of R', R 2 , and R* represents a group comprisiog an 
active hydrogen -containing group selected from hydroxy I, 
amide, amine, carboxylic acid, carbamate, urea, thiol and 
mixtures thereof. 

25. The chinking agent of claim 24, wherein at least 
one of R 1 , R 2 , ond R 5 represents a group comprising at least 
one hydroxy! group. 

26. The crosslinking agent of claim 25, wherein the 
compound (Q comprises benzyl alcohol. 

27. The crossh'cWng agent of claim 1, wherein ibe com- 
pound (C) comprises at least one of compound (Q(ii). 

28. The crosslinking agent of claim 27, wherein the 
compound (C) comprises a hydroxy 1 functional group-coo - 
training compound having Ibe following structure (It): 

00 




or dlmer derivatives thereof, wherein R 1 and R" are the same 
or different and eacb independently represent* an 
(cyclo)alkyl group having 1 to 12 carbon atoms or an 
aromatic group. 

29. The crosslinking agent of claim 28, wherein one or 
both of R* and R" represent aromatic groups. 

30. The cross! inking agent of cJ aim 2S, wherein the 
compound (Q comprises a compound selected from ben- 
zoin, bydroxycycJohexyl phenyl kctope and mixtures 
thereof. 

31. The crossUnking agent of claim 30, wherein tbc 
compound (C) comprises benzoin. 

32. The crosslinking agent of claim 30, wherein the 
compound (C) comprises hyrJroxycyclohcxyl phenyl ketone. 

33. The crosslinking agent of claim 26\ wherein one or 
both of R' and R" are aromatic groups containing at least one 
hctcroatorn selected from furyj, pyridyl, methoxy phenyl, 
and dimcf.hyJaminophenyl groups, 

34. The crosslinking agent of claim 27, wbcreio the active 
hydrogen group-containing compound (Q comprises a com- 
pound having the following structure (in): 
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wherein R 1 and R" arc tbc same or different and each 
independently represents an alkyl group having 1 to 12 
carbon atoms or an aromatic group. 

35. The crosslinking agent of claim 1, wherein the com- 
pouud (C) comprises at least one of compound (Q (in)* 

36. The crosslinking agent of chim I, wherein compound 
(C) comprises an aliphatic mrjno-Cur^'Uonal alcohol selected 
from bomeoi, norborncol, Lsoborneol, 1-adamaatanemema- 
nol, l-adamantanol, 2-rncthyI«2-adamantanof. and 5-nor- 
borneo-2-ol. 

37. Tnc crosslinking agent of claim 1, wherein the com- 
pound (C) is (selected from benzoin, tsobomeol, trfphcnyl- 
melhanol, N-tcrt-buiylacrylamide, p-acetophenetidide and 
mixtures thereof. 

38. A crosslinking agent comprising an ungelled reaction 
product of tbc following reactants: 

(A) at least one aminoplast resin compriwng (alkoxyalkyl) 
aminotriaaioe having one or less noo-alkylated NH 
bond per triazine ring; 

(B) at least one reactive methane group-containing reac- 
tion product of the following reactants: (0 » roonoiso- 
cyanslc selected from cyclobcxy) isocyanaie, phenyl 
isocyanate. butyl isocyanafc, and mixtures thereof; and 
(ii) a hydroxyl group*contaming polyester polymer 
having a glass transition temperature of al least 15 Q C. 
comprising the condensation reaction product of toe 
following reactanis: 

(1) a cycloaliphalic polyol: and 

(2) a cyclic r^lycarboxylic add or anhydride; and 

(Q at least one compound selected from benzoin, 
fcobomeol, benzyl alcohol and mixtures thereof, 

wherein said crosslinking agent has a glass transition 
temperature of at least Ifl" C. and is essentially free of 
groups which are reactive with ammoplast resin. 

39. The crcsslinking agent of claim 1, wherein the ratio of 
total combined moles of tbc urcthanc group<ontaiaing 
reaction product (B) and the active hydrogen-containing 
compound (C) to moles nf aminoplast resin (A) ranges 
fnmlilJSto 3.2. 

40. A method for Bearing a powder crossJinking agent 
comprising the £61 towing steps: 

(1) reacting the following rtaetante: 

(a) at least one mono-isocyanate 

(b) at least one polyfunction^ polymer having func- 
tions] groups reactive with the mOTCwsocyartate (a) 

in a molar ratio of react ant (b) to reactant (a) ranging 
from 1:13 to 2.0 to form a uretbane group<ootaio- 
ing reaction product; 
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(2) combining the following: 

(A) at lea** one aminopUst resin; 

(B) the urethanc group-cooteinbg reaction product 
Conned in step (1); and 

(Q at least on* compound different from (B) having 
active hydrogen groups reactive with arainopJast resin 
(A), said compound selected from at least one of: 

(i) compounds having the following structure (I): 



(0 



x— r— r* 



wherein 

X is aromatic; R 1 , R £ , and R* can be the same or 
different and cacti independently represents H, 
(cydo)aUcyl having from. 1 to 12 carbon atoms, 
axyl t alkaryt aralkyl, or an active bydrogcrvcon- 
taioing group, 

provided mat at lea stone of R a ,R 2 . and R* represents 
an active hydrogCD-containios group which is 
reactive with, the amiooplasl resin (A); 

fij) compounds having the following structure (II) or 

' an): 




(III) 



where R' and R" are the same or different and each 
Independently represents an aromatic group or an 
alkyl group having 1 fo 12 carbon atoms; and 

(Hi) compounds different from (i) and (ii) and having a 
melting point of at least 80* C; 

in a ratio of total combined roolcp of (B) and (C) lo 
moles of aminoptast resin (A) ranging from 1:1.5 fo 
3.2 to form » reaction admixture; and 

(3) heating the reaction admixture formed in step (2) to a 
temperRturc ranging from 95° C. to 135° C for a Lime 
sufficient to form a czossliiiking agent having a glass 
transition temperature of al least 25° C. which is 
essentially free of urcthane NH functionality as deter- 
mined by infrared spectroscopy. 
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41. The method of claim 40, wherein the armnoplast resin 
(A) is or is derived from at least one of glycoruxil, amino- 
triozinc and benzoguan amine . 

42. The method of claim 41. wherein the aminoplast resin 
(A) comprises alkoxyJatcd aldehyde condensate of gly- 
coluril. 

43. The method of claim 42, wherein the aminopiasi resin 
(A) comprises tetrametboxy methylglycohiril. 

44. The mclbod of claim 41, wherein the aminoplast resin 
(A) comprises (alKoxvaikyr) ammotriazinc having one or 
less rxra-alkyJated NH bond per triazioe ring. 

45. The method of claim 44, wherein the proinopJast resin 
(A) comprises (metboxymethyl) aminotriazmc. 

46. The method of claim 44, wherein the (allcoxyalkyl) 
nmffio trinzme has a degree of polymerization of 1.75 or less, 

47. The method of claim 40, wherein the polyfunction al 
polymer (b) is selected from acrylic polymers, polyester 
polymers, polyether polymers, and mixtures thereof. 

48. The method of claim 40, wherein the polyfunctions! 
polymer (b) comprises functional, groups selected from 
bydroxyl groups, amine groups, thiol groups, and combina- 
tions thereof. 

49. Hie mclbod of claim 40, wherein the polyfnnctional 
polymer (b) comprises a polyester polymer having bydroxyl 
functional groups, 

50. The memod of claim 49, wherein the polyester poly- 
mer comprises a condensation reaction product of the fol- 
lowing rcactants: 

(A) n cycloaJipbtttic potyoH and 

(B) a cyclic polycarboxylic acid or anhydride. 

51. The method of claim 50, wherein the cyclcab'pbarie 
poryol (A) comprises a diol selected from bydrogenated 
Bisphenol A, eyebhexane dxmetbanol. and mixtures thereof. 

52. The method of claim 51, wherein the cycloaliphalfc 
polyol (A) comprises bydrogenated Bisphenol A. 

53. The method of claim 50, wherein the cyclic polycai- 
boxyhc acid (B) is selected from hcxahydtophthalic acid, 
pfrthaJic acid, iscphttiolic acid, tcrephthaJic acid, anhydrides 
thereof, and mixtorcs thereof. 

54. The method of claim 53, wherein the cyclic polycar- 
boxylic acid (B) comprises hexahydropbtballc anhydride. 

55. The method of claim 50, wherein the number ayeiagp 
molecular weight of the polyester polymer ranges from 400 
to 1500. 

56. The method of claim 50. wherein the bydroxyl value 
of toe polyester polymer ranges from 90 to 180. 

57. The method of daim 40, wherein the glass transition 
temperature of the polymnctionaf polymer (b) Is at least 15* 
C. 

58. The method of claim 39, wherein the glass transition 
temperature of the polyfunetional polymer (b) ranges from 
40* C to 120° C. 

59. The method of claim 40, wherein the mooo-isocyanam 
(a) is selected from cyctobexyl isocyanate, phenyl isocyan- 
ate, butyl isocyanate and mixtures thereof. 

60. The method of claim 59, whercio the ruono-isoeyanare 
(a) comprises cyctobexyl isocyaoafe. 

51. The method of claim 40, wherein the molar ratio of the 
polyfunctionai polymer (b) to rbc moDo-isocyanaie (a) 
ranges from 1:1.8 to 1S>. 

62. The method of claim 40, wherein the compound (Q 
comprises al least one compound having the structure (f). 



Received from < 2489482093 > at 12118/02 12:37:04 PM [Eastern Standard Time] 



DEC. 18*2002 12:30 2489482093 



BASF SOUTHFIELD LEGAL 



#5490 ?. 033/037 



US 2002/0037973 Al 



17 



Mar. 28, 2002 



63. The method of claim 62, wherein at least one of ft 1 , 
R~, and R 3 represents a group comprising an active hydro- 
gen<ODtafuirtg group elected Eronr hydroxyl, amide, oroinc, 
carboxylie acid, carbamate, area, thiol and mixtures thereof. 

64. The method of claim 63, wherein at least one of R J , 
R 2 , and R s represent* a group comprising af. least one 
bydrcxyl group. 

65. The method of claim 40, wherein compound (q 
comprises benzyl alcohol. 

66. Tbc method of claim 40, wherein the compound (Q 
comprises at least one of compound (Q(u). 

67. The method of claim 40 r wherein the compound (C) 
comprises a hydroxy! ftinctioaal group-con taiomg com- 
pound having the following structure (If)'. 



J 



x 



or dimer derivatives thereof, wherein R' and R* arc the same 
or different and each independently represents on 
(eyclo)aIkyl group having 1 to 12 carbon atoms or an 
aromatic group, 

68. The method of claim 67, wherein one or both of R* and 
R" represent Bromatjc groups. 

69. The method of claim 67 wherein compound (C) 
comprises a oompownd selected from benzoin, bydroxycy- 
clohexyl phenyl ketone and mixtures thereof. 

70. The method of claim 69, wherein the compound (C) 
comprises benzoin. 

71. The method of claim 69, wherein the compound (C) 
comprises hydroxycycJohcxyl phenyl Icetotte. 

72. The method of claim 67, wherein one or both of R p and 
R B are aromatic groups containing at least one betcroatom 
selected from mryl* pyridyl, mcthoxy phenyl, and duzclhy- 
laminopbeoyl groups. 

73. The method of claim 66, wherein compound (C) 
comprises a compoirad having the following structure (in): 



OB 



wherein R' and R" arc the same or different and each 
independently represents an aEkyl group having 1 to 12 
carbon atoms or an aromatic group. 

74. The method of claim 40, wherein tbc compound (C) 
comprises at toast one of compound (Q (iii). 

75. A method for preparing a cro6Slinlang agent compris- 
ing the foQ owing steps: 

(1) reacting the following reactante: 

(a) at least one mano-isocyaiwtc sejected from cyclo- 
bexyl iwcyanate, phenyl isocyanatc, butyl isocyao- 
are and mixtures thereof, and 



(b) at least one bydroxyl grour^containing polyester 
polymer having a glass transition temperate re of at 
least 15° C. comprising the condensation reaction 
product of the following mactante: 

(i) a cycloaJjphatic polyol; and 

(ii) a cyclic polycarboxylic acid or anhydride: 

in a molar ratio of reactant (b) to reactant (a) ranging 
from J.O:lJB to 2.0 to form a urethanc group* 
containing reaction product; 

(2) combining the fc4Jowing: 

(A) at least one anrinoplast resin; 

(B) the u re thane group-containing rcactroo product 
formed in step (1); and 

(C) al least one compound selected from benzoin, 
isobonjeol, benzyl nlcobol and mixtures thereof, in a 
ratio of combined moles of (B) and (C) to moles of 
ajninoplasl resin (A) ranging from 1.0:1.5 to 3.2 to 
form a reaction admixture; and 

(3) heating the reaction admixture formed in step (2) to a 
temperature ranging Irom 95° C. to 135* C. for a time 
suflieieot to form a cT^mkittg agent having a glass 
transition temperature of at least 25* C. which is 
essentially free of uretbane NH functionality as deter- 
mined by infrared spectroscopy. 

76. The method of claim 75* wherein the polyester poly- 
mer (b) comprise* the reaction product of: 

(i) a cyclo aliphatic polyol selected from hydrogen stod 
Bisphenol A, cyclobcxane diroethaool and mixtures 
thereof and 

(ii) a cyclic polycarboxylic acid selected from bexahy- 
dropbthallc acid, pbthalic acid, isophthallc acid, tereph- 
tbalic acid, anhydrides thereof, and mixtures thereof. 

77. The method of claim 75, wherein tbc mono-isocyanate 
(a) comprises cyclobexyl isocyanatc. 

78. The method of claim 68, wherein ibe amiuoplast resin 
(A) comprises (alJaixyallcyf) aminotriaane having one or 
less Don-alkylftted NH bond per tria»ne ring. 

79. A curable powder coaling composition comprising a 
solid particulate mixture of the following: 

(1) a film -forming polymer having reactive functional 
groups, 

(2) a crosslinking agent having functional groups reactive 
with the functional groups of (1), 

said crosslioking agent comprising an ungeUed reaction 
product of the following renctants: 

(A) at least ooe amino pbst resin; 

(B) a reactive ure thane group-containing adduct 
which is a reaction product of the following reac- 
tants: 

(1) al least one mono-isocyanate; and 

(2) at least one rjol afunctional polymer having 
functional groups reactive with the mooo-iso- 
cyanjite (1); and 
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(Q at ka$t one compound different from (B) having 
active hydrogen groups reactive with r>mmvpl&£l 
resin (A), said compound selected from at least one 
of: 

(f) compounds having the following structure (I): 



(0 



wherein 



X is aromatic; R\ R 2 , and R 3 can be the same or 
different and each independently represents H, 
(cyclo)aIkyl having from I. to 12 carbon atoms, 
aryl, Blkaryl, acaUcyl, or an active hydrogen- 
containing group, 

provided that at least one of R\ R 3 , and R 3 
represents an active hydrogen -containing group 
which is reactive wjtb the aminoplast resin (A), 

Cii) compounds having the following structure (II) or 



o 

OH 



(10 



QJt) 



OH 




R' 



HO 



where R' and R" are the same or different and each 
independently represents an aromatic group or an 
alkyl group having I to 12 carbon atoms; and 

(jii) c^orpouridsdiflfercnt from (J) and (ii) and having 
a melting point of at least 60° C; 

wherein sard crosslinking agent is essentially free of 
uretbane NH fonctionality and has a glass transi- 
tion temperature of at least 25° C 
80, The curable powder coating composition of claim 79 f 
wherein the polymer (1) is selected from acrylic, polyester, 
polyepoxide, polyurcthanc and polyether polymers and mix- 
tures thereof. 

91. The curable powder coaling composition of claim 79, 
wherein the polymer (i) comprises hydroxy! and/or carbam- 
ate functional groups. 

82. The curable powder coating composition of claim 79, 
wherein the polymer (1) comprises hydroxyl and/or epoxy 
functional groups. 

83. JTjc curable powder coating composition of claim 79, 
wherein the polymer (1) is present in the eg reposition in an 



amount ranging from 5 to 90 percent by weight based on 
total weight of the composition. 

84. The curable powder coating composition of claim 79, 
wherein the poryfirnctional polymer (2) comprtscs a poly- 
ester polyol comprising the condensation reaction product of 
the following rcactajjts: 

(A) a cycloalipbatic polyol; and 

(B) a cyclic polycarboxylic acid or anhydride. 

85. The curable powder coating composition of claim 84, 
wherein the cycfoaljphattc polyol (A) is selected from 
hydrogenated Bispbcnol A, cyclobcxane dimethanol, cyclo- 
hcxane diol and mixtures thereof. 

86. The curable powder coating composition of claim 84, 
wbenan the cyclic poJycarboxylk acid (B) is elected from 
bexahydrophlhalic acid, isophthalic acid, phthalic acid, 
teccphthalic acid, anhydrides thereof, and mixtures thereof, 

87. The curable powder coating composition of claim 79, 
wherein the mono-isocyacote (1) is selected from cyclo- 
hexyl isocyanate, phenyl isocyanate, butyl isocyanate and 
mixtures thereof. 

88. The curable powder coating composition of claim 79, 
wherein the molar ratio of the polyruoctional polymer (2) to 
the mono-isocyanote (1) ranges from 1:1.8 to 2*0. 

89. The curable powder coadng composition of claim, 79, 
wherein the aminoplast resin (A) is or is derived from at 
Jeast one of glycoluril, aminotriazine and benzognanamirje. 

90. The curable powder coating composition of claim 89, 
wherein the aminoplast resin (A) comprises an alfcoxylatcd 
aldehyde condensate of glycoluril. 

91. The curable powder coating composition of claim 90, 
wherein the aminoplast resin (A) comprises tetramethoxy 
mcihylglycolliril. 

92. The curable powder coating composition of claim 89, 
wherein the aminoplast resin (A) comprise^ (alkoxyalkyl) 
aminotriarfne having one or less dod -alkylated NH bond per 
triazine ring* 

93. The curable powder coating composition of claim 92, 
wherein the aminoplast resin (A) comprises (methoxym- 
ctfryl) aminotriazine. 

94. The curable powder coadng composition of claim 92, 
wherein the (alkoxyalkyl) aminotriazine has a degree of 
polymerization of 1.75 or less. 

95. The curoble powder coating composition of claim 79, 
wherein ihe polyfunctiona! polymer (2) is selected from 
acrylic polymers, polyester polymers, pofyciher polymers, 
and mixtures thereof. 

96. The curable powder coating composition of claim 79, 
wherein the poiyfiinctiooal polymer (2) comprises func- 
tional groups selected from hydroxyl groups, amine groups, 
thiol groups, and combinations thereof. 

97. The curable powder coating composition of claim 79, 
wherein the polyoinctioaal polymer (2) comprises a poly- 
ester polymer having bydroxyl functional gryups, 

98. Mbe curable powder coating cornposition of claim 97, 
wherein the polyester polymer enmprises a condensation 
reaction product of the following rcactants: 

(A) a cycloaUphatie polyol; and 

(B) a cyclic polycarboxyJic acid or anhydride. 

99. TTjc curable powder crating composition of claim 98, 
wherein the cydoaliphatic polyol (A) comprises a diol 
selected from hydrogenated Bispbcnol A* cyclobcxane 
dimethanol and mixtures thereof 
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100. The curable powder coating composition of claim 
99, wherein [he cycloaKphatic polyot (A) comprises hydro- 
genated Bispbenol A. 

101. The curable powder coaling composition of claim 
98, wherein (be cyclic polycnrboxylic acid (B) is selected 
from bexahydrophthalic add, phthalic acid, isophthalic acid, 
terepblbalic acio\ anhydrides thereof, and mixtures thereof. 

102. The curable powder coating composition of claim 
101, wrjerem the cyclic polycarboxybc acid (B) comprises 
bexabydnmrrthalic anhydride. 

103. Tbe curable powder coating composition of claim 
98, wbereio the number overage molecular weight of the 
polyester polymer range*; from 400 to 1500. 

1D4. The curable powder coating composition of claim 
98, wbereiD the hydroxy! value of the polyester polymer 
ranges from 90 to 180. 

105. The curable powder coating composition of claim 79 
wherein the glass transition temperature of tbe polyfu ac- 
tional polymer (2) s at least 15* C 

106. The curable powder coating composition of claim 
79, wherein tbe glass transition temperature of rbc polyene- 
liomU polymer (2) ranges from 40° C. to 120° C. 

107. Tbe curable powder coating composition of claim 
79, wherein the mooo-isocyanate (1) is selected from cycln- 
hexyl isocyanatc. phenyl isocyanatc, butyl isocyauotc and 
mixtures thereof. 

108. The curable powder coating composition of claim 
107, wherein the mouo-isocyanate (1) comprises cyclohexyl 
isocyanata. 

109- The curable powder coating composition of claim 
79, wherein the molar ratio of the polyfunction*! polymer 
(2) to the monoisocyanate (l) ranges from 1 : 1.8 to 2.0. 

110. The curable powder coating composition of daim 79, 
wherein tbc compound (Q comprises at least one of com- 
pound (Q(i). 

HI. The curable powder coating composition of claim 
110, wherein at least one of R\ R*, and R s represents a 
group comprising an active hydrogen-containing group 
selected from bydroxyl, oroide, amine, carboxylic acid, 
carbamate, urea, thiol, and mixtures thereof. 

112, Tbe curable powder coating composition of claim 
110, wherein at least one of R 1 , R 1 , and R 3 represents a 
group comprising at least one hydroxyl group- 

1J3. The curable powder coating composition of claim 
110, wherein compound (C) corrrprises benzyl alcohol- 

114. The curable powder coating composition of claim 79. 
wherein tbc compound (C) comprises at least one of com- 
pound (C)(ii). 

315. The curable powder coating composition of claim 
114, wherein tbc compound (Q comprises a hydroxy! 
functional group-containing compound having the foUowmg 
structure (U): 
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or dimer derivatives thereof, wherein R' and R m are the same 
or different and each independently represents an 
(cydo)alkyl group having 1 to 12 carbon atoms or an 
aromatic group. 

U6. The curable powder coating composition of daim 
115, wherein one or both of R' and R" represent aromatic 
groups. 

117. The curable powder coaling composition of daim 
115, wherein compound (C) comprises a compound selected 
from benzoin, byo^xycyclobexyl phenyl ketone and mix- 
tares thereof. 

118. Tbc curable powder coating composition of ckim 
117, wherein the compound (C) comprises ber«om. 

119. Tbe curable powder coating composition of claim 
117, wherein the compound (C) comprises hydroxy cyclo- 
hexyl phenyl ketone. 

120. The curable powder coating composition of daim 
115, wherein one or both of R' and R* are aromatic groups 
containing at least one hetcroatom selected from furyl, 
pyridyl, metboxy phenyl and dinwlnylaminopbenyl groups. 

121. The curable powder coating composition of claim 
114, wherein compound (C) composes a compound having 
the following structure (III): 

fU0 




wherein R' and H" arc the same or different and each 
independently represents an aUcyl group having i to 12 
carbon, atoms or an aromatic group. 

122. The curable powder coating composition of claim 
79, wherein the compound (C) comprises a compound 
selected from isoborneol, triphenylmctbanoJ, N"-tert-buty- 
iRcrylamide, p-acetopbenetidide and mixtures thereof. 

1U. The curable powder coating composition of claim 
79, wherein the cn^Iinking agent (2) is present in an 
amount ranging from 5 to 95 weight percent based on total 
weight of the composition. 

124. A mulli-Iayer composite coating comprising a pig- 
mented base coat deposited from a base coat film-forming 
composition and a transparent top coal over at least b portion 
of the base coat, said top coat deposited from the curable 
powder coating composition of claim 7°. 

125. A substrate coated with the curable powder coating 
composition of claim 79. 

126. A substrate coated with tbc multi-layer composite 
coating of claim 124. 
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3^1^3-OXAZOLIDlNVt>-S-TMA2lNE 

• The invention relates to 3-(l,3^xazeiKdinyl)-s-tria- 
jrfoe and the preparation thereof. 5 

MU-o^^O^d^yO^triazine is represented by the 
folio wing formula (J) 



Y 



r 



Rl«nd Rj art — NHj, — N 



1 H 

O or — N^Q£?*OH, 



The oxazoUdmyl group of these compounds show* 
great reactivity. For this reason 2-ammo-4,6-di-3-<l,3- 
oxazoJJdmyf^triatfne and 2A6-tri-3<l,3- 
oxnzolidinyl>fi-triaztne in particular ore suitable for use 30 
us cross-linking agents in polymerisation reactions. 

The 3-< J ,3-oxa2olidlny1>^triailnfi according to the 
invention presents particular Advantages compared 
with bcxajnethoxyroetbyl mdamine, which is currently 
being used on a Jorge scale w4 whleh, in functional 35 
terns, contains at least 3 formaldehyde groups too 
many and may therefore give rise to environmental 
problems by formaldehyde emission when processed. 

Polymerisation reactions in which 4i- and trJox- 
axolidinyltriazjues according to the invention may be 40 
used as cross-linking agents are particular] y reactions in 
which no volatile compounds* such as formaldehyde, 
may be formed and/or applications in which the cross- 
Uniting agent is mixed In as a solid. 

The Oxfi2oUdiny)triazb)es according to the invention 45 
can be obtained in a simple manner with a surprisingly 
high yield and parity by reacting the corresponding 
2-hydroxyethyl mclamine compounds (2) with formal- 
dehyde 

50 

✓\ 

Xa-C c-x, 



»0) + >KlO 



t 



M 



Xi - Xi • Xj - ~A— CjfUOH . 



55 



60 
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2 

-continued 



X, - — N — 1 



CtfUOH Mid Xj « Xi - — NM, 



10 



15 



20 



25 



Xi « Xj = — 1 



(N^-hydroxyet|iyI)mcUaHne>. 

or mixtures of two or more of these compounds. 

The reaction is preferably carried out at an elevated 
temperature, of for instance 40*-) 00° CI, in an aqueous 
medium. The OxazoMdmyJ triadne formed precipitates 
from the reaction mixture as the reaction progresses and 
a high yield of a high purity can be obtained with the 
usual means, far example filtration. Depending on the 
type of 2-hydroxyethyl md amine chosen as starting 
material and the amount of formaldehyde used a wide 
range of oxazolidtayltriazbies is obtained. 

In a typical embodiment the hydroxyethyl mclamine 
is dissolved in an approximately 30 wt. % formaldehyde 
solution in water, which is then heated to abt. 80* C. 
After 30 minuses the oxazolidinyi triazine formed in the 
reaction starts to precipitate This is removed by filtra- 
tion after cooling- Depending on die chosen starting 
materials and the amount of formaldehyde used, the 
individual compounds or mixtures thereof are obtained. 

2-Hydroxyethyl roelamlne compounds can be ob- 
tained with the aid of various processes already known 
per se. Examples of these are: the reaction of ethanol- 
9 mine with a mclamine, substituted if so desired, at a 
temperature between W and 250* C, in the presence 
of an acid catalyst, as described in U.S, Pat No. 
4,3 1 2,988 and EP-B-160,297, or the reaction of cyannric 
chloride with ethanolamine at a temperature of 00' 
C in the presence, of NaOH in dioxaue/cellosoive, as 
described in J. Am. Chem- Soc. 73, 2981-2*$$ (1951). 

Surprisingly, the simple synthesis route according to 
the invention results in oxazolidinyl triazhie which is 
not contaminated by resins and the like, as would be 
expected on the bash Of the great reactivity of formal- 
dehyde and melamme. 

The invention will now be further elucidated with the 
following examples and comparative example without; 
however, being limited thereto. 

EXAMPLE t 

N,N\N'^tr^2-hydr©xyetb yljmelamine (produced 
from melamine according to the process of EP-B- 
166297) (4.9 g, 19 mmoles) was dissolved in 5*7 g of a 
30% formaldehyde solution. After 30 minutes* stirring 
at 90* C the reaction mixture was cooled to room tem- 
perature. The precipitated reaction product was re- 
moved by filtration, dried (1.4 g, melting point 
179MSCT C.) and characterized with the aid of NMR 
(400 MH*); B3% or the hydroxyethyl groups originally 
present had been convened into oxazolkfioe rings, the 
residual M% still being present in the form of free hy- 
droxyethyl groups. 

EXAMPLE II 

N,N\N'*-tris(2phydroxyethyl)melamine (produced 
from cyan uric chloride) (0.5 g, 1.9 mmoJes) was dis- 
solved in 2.5 mL of water and 1*2 g of 30% formalde- 
hyde solution. After 1 hour's refluxing the reaction 
mixture was cooled to room temperature and the pre* 
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cipitated reaction product' was filtered off and dried. 

The product with a melting range of 190" -2 10* C. was [ -| 

characterized with the aid Of NMR as indicated in cx- r ^ ^ _ N Q 

ample I; 95% of the hydroxyethyl groups originally fl ~ 
present had been converted into oxaxolfdme rings, the wtf 
residual 5% still being present in the form of free hy- 
droxy ethyl groups. | *~| 
COMPARATIVE EXAMPLE A {Q R 5 - -N ^ O 

2 g of a mixture of mono. N,N'4»s and N,N',N"-tris(- 
hydro3cyisopropyl)melarnine (7:51:41) was dissolved in OT 
5 g of water and 1 .8 g of a 30% formaldehyde solution, H 
After 2 hours' refluxing the reaction mixture was cooled _£_ Cl>Ll oH 
to room temperature and evaporated with a rotary film 15 

evaporator. The residual product with ^melting ^ e • 34) >oxarolidmyl)*-tri«me according to claim X 
of 255--271T C wa* characterised with NMR; only cI £^££ m thai 
10% of the hydroxyiscipropyl groups had been con- 
verted Into oxazolidine rings. ^0 , 

I Claim: ^ I 1 

1. 3^1 f 3-oxa2olidinyl)-s-triorine of the formula <1) Rl m «= r 3 „ — N O 

_^ N «*v * ' , 4. A process for the preparation of a 3-(l»3» 

« I oxazolfdinyJ^s-triazlne, as claimed in claim 1, corrmris- 

fog the reaction of a compound of formula 11: 

x,-c c-x, 



I I c 

and wherein X| is — NHC2H4OH, and 

Tii and X3 are each independently selected from 

I 1 h — NH2 and NHC2H4OH; with formaldehyde at an 

M _ ' o^-Jj-chaOh ^ elevated temperature. . 

r 2 , Rj = -nh 7 , N c^wh 40 5 p r0CCSS according to claim * characterized in that 

the reaction is carried out in an aqueous medium at a 
2. 3<l,3H3jwolidmyl)-5-tria2ifte occprding to chum t t temperature between 40" and 100* C. 
characterized in that 
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